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Experiments 

AND 

OBSERVATIONS 

ON DIFFERENT KINDS OF 


&c. 


AIR, 



opemm ejus reverentia et magnificatio, fi qua charitas in ho¬ 
mines, fi erga neceiritates et asrumnas humanas relevandas ftudi- 
um, fi quis amor veritatis in naturalibus, et odium tenebrarum, 
ct intelle&us purificandi deiiderium ; orandi funt homines iterum 
atque iterum, ut, midis philofophiis iftis volaticis et prepofteris, 
quae thefes hypothefibus antepofuerunt, et experientiam capti- 
vam duxerunt, atque de operibus dei triumpharunt, fummide, 
et cum veneratione quadam, ad volumen creaturarum evolven- 
dum accedant ; atque in co moram faciant, meditentur, et ab 

opinionibus abluti et mundi, cafte et integre verfentur.-In in- 

terpretatione ejus eruenda nulli operae parcant, fed ftrenue pro- 
cedant, perfiftant, immoriantur. 

Lord Bacon in Instauratione Magna. 
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HIS ROYAL HIGHNESS 


GEORGE PRINCE of WALES, 

S I R, 

T N dedicating this work to your Royal 
A Highness, Iexprefs my own earned wilh, 
and that of many others, that to your other 
excellent qualities your Royal Highness 
may add a difpofition to patronize a branch 
of fcience, in the extenfion of which the 
natives of Great Britain have ever borne a 
diftinguifhed part, and which has for its 
objedl the benefit of all mankind. 

It is by increafing our knowledge of 
nature, and by this alone, that we acquire 
the great art of commanding it, of availing 
ourfelves of its powers, and applying them 
to our own purpofes ; true fcience being the 
A 3 only 
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only foundation of all thofe arts of life, 
whether relating to peace or war, which dif- 
tinguifh civilized nations from thofe which 
we term barbarous ; a diftindtion not lefs 
confpicuous than that between fome nations 
of men and fome fpecies of brutes . And 
that branch of this great fcience to which 
the fubjedt of this work relates, viz. chemif~ 
try , is perhaps of more various and exten- 
five ufe, than any other part of' natural 
knowledge; and by the application that is 
now given to it, it is continually growing 
in relative magnitude and importance. 

In the age of Newton chemiftry was but 
little cultivated; and its value not being 
generally known, it was not regularly taught 
in places of liberal education, in which na¬ 
tural philofophy was always more or lefs at¬ 
tended to; whereas at prefent every thing 
that is not denominated chemiftry is but a 
fmall part of a fyftem of natural knowledge • 
It is no lefs remarkable that the dodlrine of 
air, of which little or nothing was known 
in the time of Newton, and which a few 

years 



DEDICATION. Vli 

years ago was hardly mentioned in the writ¬ 
ings of chemids, now makes a very con- 
fiderable figure in the mafs of chemical 
knowledge, and throws the greated light 
on the mod important procefies. 

It is, therefore, earneftly to be wifhed, 
that this branch of natural fcience rtiould 
be afiiduoufly cultivated ; and the patronage 
of Frinces may be eminently ufeful to this 
end, by diffufing a tade for it among thofe 
whofe opulence will enable them to pro- 
fecute it to the mod advantage. 

It is true that we are indebted to the 
poverty of many perfons for fome of the 
mod fimple and effectual modes of operat¬ 
ing in chemidry ; necejjity having in this, 
as well as in many other cafes, been the 
happy mother of invention . But in fome 

cafes it is well known that the mod pro¬ 
mising projects have become abortive for 
want of the means that were neceflary to 
carry them into execution. For in this 
fcience mere obfervation and refection will 
A 4 not 
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not carry a man far. He will frequently 
have occafion to put the fubftances which 
he examines into various new fituations, 
and obferve the refult of circumftances, 
which, without expence , as well as labour , 
he can have no opportunity of knowing. 

Hence it is that the greateft and happieft 
cffedts may be expedted from the patronage 
offcience byperfonsof your Royal High- 
ness s rank and expectations, whofe withes 
and inclinations are often alone fufficient to 
give a turn to the tafle and purfuits of the 
rich and great. And hitherto almoft every 
country in Europe can boafl of more per- 
fons among their nobility, and men of for¬ 
tune, who are devoted to fcientifical pur¬ 
fuits, than Great Britain. 

V , 

It will perhaps be faid, that men of high 
rank and fortune in this country are occu¬ 
pied about the greater objects of civil policy , 
and attending to the interefts and liberties of 
the nation. But admitting this to be the 
cafe of all\ which is evidently that of a 
5 fmall 
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final 1 number only, no one object wholly 
engages the attention of any man. All men 
have their pfeafures as well as their bufinefs; 
nor is it defirable that any one obje£t fhould 
fo much ingrofs any perfon, as that he fhould 
give no degree of attention to any other $ 
and no purfuit can have a jufter claim to 
the leifure hours of men of rank and for¬ 
tune than that of natural Jcience j fince, 
independently of any views of utility , none 
can furnifh more rational amufemcnt . 

Permit us, then, who are engaged in the 
quiet purfuits of philofophv, to flatter our- 
felves that they will have the additional re¬ 
commendation of fo effectual a patronage 
as thatofyour Royal Highness ; and I am 
perfuaded that your Royal Highness does 
not need to be reminded, that the greateft 
princes have been the protestors of fcience 
and of letters, and that they have ever con- 
fidered this patronage as reflecting luftre on 
their crowns. 


In 
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In fome countries the fciences feem to 
require the fupport of princes, or of the 
community, by penfions and eftablifh- 
ments. In ours thefe aids are unneceffary. 
Our Royal Society , which gives none but 
honorary rewards, is all that is wanted in 
the way of eftablijhment; and it has been, 
and is, eminently ufeful. In this country 
patronage is not wanted for thofe who cul¬ 
tivate the fciences,. but rather for the fci¬ 
ences themfelves ; to give them their due 
value and confideration, to apply the in¬ 
fluence which the great poffefs over the 
minds and opinions of men, in directing 
their taftes to ufeful purfuits, and thus to 
incite a fufficient number of able inquirers 
to explore the hidden powers which the 
Peity has impreffed on matter. 

Confidering your Royal Highness as 
deftined to be the future fovereign of this 
country, I cannot wilh you greater glory or 
happinefs, than that you fhould confer it 
as confining, not in the extent , but in the 
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flo xirijhing ft ate, of your dominions, to which 
fcience , mamifaftures, and commerce (each the 
true fource of the other) will moft eminent¬ 
ly contribute; and that you thould not be 
dazzled by the flattering, but often fatal, 
idea of extending what is called the royal 
prerogative ; but rather ftudy to give your 
fubje&s every power which they can exer- 
cife for their own advantage. And what¬ 
ever flatterers may fuggeft, the people (each 
of them giving his whole attention to thofe 
things in which he is moft interefted) will 
always be able to do more for themfelves 
than the moft enlightened and beft difpofed 
princes can do for them. 

As a perfon whofe deliberate judgment 
has led him to diflent from the mode of 
religion by law eftablifhed in this country, 
permit me, Sir, to exprefs fomething more 
than a wifh, that, as the future fovereign of 
Great Britain you will be the equal father 
of all your fubjeds; and that in your reign 
every man will meet with encouragement 
and favour in proportion to the fervices he 

renders 
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renders his country, and the credit he is 
to it. 

There has of late years been a wonderful 
concurrence of circumftances tending to ex¬ 
pand the human mind, to fhew the incon¬ 
venience attending all ejiablijhmenis , civil or 
religious, formed in times of ignorance, and 
to urge the reformation of them. Let thefe 
be fuffered to operate without obftrudion ; 
and have the true magnanimity to let no 
impediment be thrown in the way of the 
efforts of the more enlightened part of the 
community to improve the flate of it in 
any refped. 

A fovereign conducing himfelf by thefe 
liberal maxims will rank among the few 
truly great and good princes , vvhofe objed 
has not been themfelves, and their perfonal 
glory and power, but the real good of their 
country ; and not that only, or exclufively, 
but the benefit of all the human race. A 
charader thus fupported will be admired, 
and beloved, when that of other princes, 

generally. 
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generally, but falfely, called great , will be 
configned to what is worfe than oblivion, 
the deteftation of all good men. 

That your Royal Highness may prove 
a truly patriot king, an ornament to human 
nature, and a blefling to your country, and 
to mankind, is the fincere wilh, and prayer, 
of 


Your Royal Highness's, 


Moll obedient 

And mod humble fervant, 


J. PRIESTLEY. 


Birmingham, > 
March x 79 °* 5 
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PREFACE*. 

TTAVING, at different times, publifhed fix vo- 
A lumes of obfervations and experiments re¬ 
lating chiefly to. the fubjed: of air , and they being 
at prefent fo far out of print, that a complete fet 
cannot be had new, it feemed more advifable to 
new model the whole work, than reprint the former 
volumes. 

In fuch a multiplicity of obfervations, made at 
very different times, it could not be but that many 
mud now be fuperfluous; and there mult alfo be a 
variety of imperfedions, with which it is not worth 
while to trouble the reader. It will alfo be more 
agreeable to any perfon who is entering upon thefe 
inquiries, to get acquainted with what I have done 
in a better method than that in which the particu¬ 
lars happened to occur.to myfelf, and efpecially to 

* Ioto thls f reface 1 have introduced every thing that I thought 
worth preferring in the prefaces to all the fut volumes ; and it is 
hoped that the importance of the obfervations it contains, will be a 
, Sufficient apology for the length of it. 

fee 
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fee all that has been difcovered with refped to any 
fubjed of experiment, fuch as any of the different 
kinds of air, &c. with as little mixture of other 
matter as poffible. 

Having had a view to fuch readers, I have en¬ 
deavoured in this new edition to digeft the contents 
of all the fix volumes, and alfo of thofe papers 
which, fince the publication of them, have been 
inferted in the Philofophical Tranfa&ions, into fome- 
thing like a JyJtem ; fome regard, at the fame time, 
being had to the order of time , and of difcovery> the 
better to enable the reader to enter into my views, 
and trace the adual progrefs of my thoughts in the 
leveral inveftigations. 

For the fake of concifenefs, I have not, indeed, 
troubled the reader with every conje&ure and hypo¬ 
thecs which I formerly adopted but I have not 
failed to mention the moft confiderable of them; 
not being afhamed of the miftakes I have made, 
and being willing to encourage young adventurers, by 
fhewing them that, notwithftanding many errors (to 
which even the moft fagacious, and the moft cau¬ 
tious, are fubjed) their labours may be crowned 
with cynfiderabie fuccefs. 


No 
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No perfon, I am confident, will now wifh that 
in order to prevent fuch miftakes, I had deferred’ 
the publication of any of my vo]umes tU1 j had 
more nearly completed the courfes of experiments, 
of which they contain an account ; and I (hall ftiJI 
purfue the fame method olfpeedy publication, though 
the confequence of it thould be the neceffitv In 
fome future time, of making another new modelled 
and better purged edition of all my philofophical 
writings. 


To repeat what I faid in the preface of the verV 
firft volume of experiments on air; confident the 
attention which is now given to this fubjed by°phi- 
lofophers in all parts of Europe, and the rapid 
progrefs that has already been made, and may be 
expeded to be made, in this branch of knowledge, 
all unnecefiary delays in the publication of experi- 
Events relating to it, are peculiarJy unjuftifiable. 


When for the fake of a little more reputation, 
men can keep brooding over a new fad, i n the dif 
covery of which they might, poffibly, have very 
htde real mem, till they, think they can aftoniih the 
world with a fyftem ^ compleu as jt is ^ and gjye 

mankind a liigh idea of their judgment and penetra¬ 
tion ; they are juftly pun ilhed for their ingratitude 
to the fountain of all knowledge, and for their want 
Vol. I, a of 
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of a genuine love of fcience and of mankind, in find¬ 
ing their boafted difcoveries anticipated, and the 
field of honeft fame pre-occupied, by men, who, 
from a natural ardour of mind engage in philofophi- 
cal purfuits, and with an ingenuous fimplicity im¬ 
mediately communicate to others whatever occurs 
to diem in their inquiries. 

As to mylel£ I find it abfolutely impoflible to 
produce a work on this fubjedt that fhall be any 
thing like complete. Every publication I have frankly 
acknowledged to be very im per fed:, and the pre- 
fent, I am as ready to acknowledge, is fo. But, 
paradoxical as it may feem, this will ever be the 
cafe in the progrefs of natural fcience, fo long as 
the works of God are, like himfelf, infinite and 
inexhauftible. In completing one difcovery, we 
never fail to get an imperfedt knowledge of others, of 
which we could have had no idea before; fo that wc 
cannot folve one doubt without creating feveral new 
ones. 

No philofophical inveftigation can be faid to be 
completed, which leaves any thing unknown that 
we are prompted by it to wifii we could know re¬ 
lating to it. But fuch is the necelfary connedtion 
of all things in the fyftem of nature, that every dif¬ 
covery bring to our view many things of which we 

had 
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had no intimation before, the complete difcovery 
of which we cannot help wifhing for ; and when¬ 
ever thefe difcoveries are completed, we may allure 
ourfelves they will farther increafe this kind of dif- 
fatisfaftion. 

The greater is the circle of light,the greater is the 
boundary of the darknefs by which it is confined. 
But, notwithftanding this, the more light we get* 
the more thankful we ought to be. For by this 
means we have the greater range for fatisfaftory 
contemplation. In time the bounds of light will be 
ftill farther extended * and from the infinity of the 
divine nature, and the divine works, we may pro- 
mife ourfelves an endlefs progrefs in our inveftiga- 
tion of them : a profped truly fublime and glorious. 
The works of the greateft and moll fuccefsfbl philo- 
fophers are, on this account, open to our com¬ 
plaints of their being imperfect. 

Travelling on this ground refembles Pope’s de- 
fcripiion of travelling among the Alps, with this 
difference, that here there is not only a Jucceffwn, 
but an increafe, of new obje&s and new difficulties. 

So pleas’d at firft the tow’ring Alps we try, 

Mount o’er the vales, and fcem to tread the Iky. 
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the preface; 

Th* eternal fnowg appear already paft. 

And the firft clouds and mountains feem the laft. 

$ut thofe attain’d, we tremble to furvey 
The growing labours of the lengthen’d way. 

Th’ increafing proljjeft tires our wand’ring eyes, 

Hills peep o’er hills, and Alps on Alps arife. 

Essay on Criticism* 

Newton, as he had very little knowledge of air, 
!o he had few doubts concerning it. Had Dr. 
Hales, after his various and valuable inveftigations, 
given a lift of all his defiderata , I am confident that 
he would not have thought of one in ten that had 
occurred to me at the time of my firft publication j 
and my doubts, queries, and hints for new expert 
wents, are very confiderably increafed, after a leries 
of inveftigations, which have thrown great light 
upon many things of which I was not able to give 
any explanation before. 

A perfon who means to ferve the caufe of fcience 
effe&oaUy, muft hazard his own reputation fo far as 
to rilk even mijlakes in things of lefs moment. 
Among a multiplicity of new objects, and new re- 
lations, fome will necefiarily pafs without fufficient 
attention; but if a man be not miftaken in the prin¬ 
cipal objed of his purfuits, he has no ‘ occafion to 
diftrefs himfelf about lefier things. In the progrefs 

of 
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of his inquiries he will generally be able to reffify 
his own miftakes j or if little and e B vious minds 
ihould take a malignant pleafure in deteftinr them 
for him, and endeavouring to expofe him, he is 
not worthy of the name of a philofopher, if he has 
not ftrength of mind fufficient to enable him not to 
be d.fturbed at it. He who does not foolilhly affeft 
to be above the failings of humanity, will „ot be 
mortified when it is proved that he is but a man. 


I do not think it at all degrading to the bufinefs 
of experimental philofophy, to compare it, as I of¬ 
ten do, to the diverfion of hunting, where it fome- 
times happens that thofe who have beat the ground 
the mod, and are confequently the beft acquainted 
with it, weary themfelves without itarting any 
game; when it may fall in the way of a mere pafi- 
fenger; fo that there is but little room for boafting 
in the moft fuccelsful termination of the chace. 

The beft founded praife is that which is due to 
the man, who, from a fupreme veneration for the 
God o nature, takes pleafure in contemplating his 
works, and from a love of his fellow creatures, as the 
offspring of the fame all-wife and benevolent parent, 
with a grateful fenfe and per fed enjoyment of the 
means of happinefs of which he is already pofiefiecl, 
feeks, with earneftnefs, but without murmuring or 
3 3 im- 
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impatience, that greater command of the powers of 
nature , which can only be obtained by a more ex- 
tenfive and more accurate knowledge of them ; and 
which alone can enable us to avail ourfelves of the 
numerous advantages with which we are furround- 
ed, and contribute to make our common fituation 
more fecure and happy. 

Befides, the man who believes that there is a go¬ 
vernor as well as a maker of the world (and there is 
certainly equal reafon to believe both) will acknow¬ 
ledge his providence and favour at leaft as much in 
a fuccefsful purfuitof knowledge , as of wealth ; which 
is a fentiment that intirely cuts off all boafting with 
refped to ourielves, and all envy and jealoufy with 
refped to others; and difpofes us mutually to re¬ 
joice in every new light that we receive, through 
whofe hands foever it be conveyed to us. 

I fhall pafs for an enthufiaft with fome, but I am 
perfedly eafy under the imputation, becaufe I am 
happy in thofe views which fubjed me to it; but 
confidering the amazing improvements in natural 
knowledge which have been made within the laft 
century, and the many ages, abounding with men 
who had no other objed befides fhldy, in which, how¬ 
ever, nothing of this kind was done, there appears to 
me to be a very particular providence in the concur¬ 
rence 
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rencc of thofe circumftances which have produced 
lb great a change j and I cannot help flattering my- 
lelf that this will be inftrumental in bringing about 
other changes in the ftate of the world, of much 
more confequence to the improvement and hap- 
pinefs of it. 

This rapid procefs of knowledge, which, like 
the progrefs of a wave of the fea, of found, or of 
light from the fun, extends itfelf not this way or that 
way only, but in all direfiions , will, I doubt not, 
be the means, under God, of extirpating all error 
and prejudice, and of putting an end to all undue 
and ufurped authority in the bufmefs of religion , as 
well as of fcience ; and all the efforts of the interefted 
friends of corrupt eftablifhments of all kinds, will 
be ineffectual for their fupport in this enlightened 
age ; though, by retarding their downfal, they may 
make the final ruin of them more complete and 
glorious. It was ill policy in Leo X. to patro¬ 
nize polite literature. He was cherifhing an enemy 
jn difguife. And the Englifh hierarchy (if there be 
any thing unfound in its conftitution) has equal rea- 
fon to tremble even at an air pump, or an eleCtricaJ 
machine. 

This is not now a buflnefs of air only, as it was 
at the firfl \ but appears to be of much greater mag- 
a 4 nitude 
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nitude and extent, fo as to diffufe light upon the moft 
general principles of natural knowledge, and efpeci- 
ally thole about which chemijlry is particularly con- 
veriant. And it will not now be thought very af- 
fuming to fay, that, by working in a tub of water, 
or a bafon of quickfilver, we may perhaps difcover 
principles of more extenfive influence than even that 
of gravity itlelf the difcovery of which, in its full 
extent, contributed fo much to immortalize the 
name of Newton. 

I would, however, caution my reader not to be 
too fanguine in his expectations from the happy 
train which this branch of philofophy leems to be in. 
Confidering the unexampled rapidity with which 
dilcoveries have hitherto been made in it, the num¬ 
ber of perfons in many and diftant countries now en¬ 
gaged in thefe purfuits, and the emulation that is 
necelTarily excited in fuch circumftances; and con- 
fidering, at the fame time, how nearly this fubjeCt 
is allied to the moft general and comprehenlive Jaws 
of nature with which we are acquainted; fome may 
be apt to imagine, that every year mull produce 
difcoveries equal to all that Were made by a New¬ 
ton or a Boyle; and I am far from faying that this 
may not be the cafe, or that it is very impro¬ 
bable. 

But, 
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But, though I have little doubt, from the train 
that things are vifibly in, that philofophical difco- 
veries in general will go on with an accelerated pro- 
grefs (as indeed they have done ever fince the re¬ 
vival of letters in Europe) it would be too rafh to 
infer, from the prefent flattering appearances, that 
any particular expedition into the undifcovered re¬ 
gions of fcience will be crowned with more diftin. 
guilhed fuccels than another. Nothing is more 
common, in the hiftory of all the branches of ex¬ 
perimental philofophy, than the moft unexpe&ed 
revolutions of good or bad fuccefs. In general, in¬ 
deed, when numbers of ingenious men apply them- 
felves to one fubjeft, that has been well opened, 
the inveftigation proceeds happily and equably. 
But, as in the hiftory of electricity, and now in the 
difcoveries relating to air , light has burft out from 
the moft unexpected quarters, in confequence of 
which the greateft mafters of fcience have been 
obliged to recommence their ftudies, from new and 
Ampler elements; fo it is alfo not uncommon for a 
branch of fcience to receive a check, even in the 
moft rapid and promifing ftate of its growth. 

It is true that the rich and the great in this coun¬ 
try give lefs attention to thefe fubje&s than, I be¬ 
lieve, they were ever known to do, fince the time 
of Lord Bacon, and much lefs than men of rank 

and 


and fortune in other countries give to them. But 
with us this lofs is made up by men ofleifure, fpi- 
rit, and ingenuity, in the middle ranks of lif e> 
which is a circumftance that promifes better for 
the continuance of this progrefs in ufeful knowledge 
than any noble or royal patronage. With us, alfo, 
politics chiefly engage the attention of thofe who' 
ftand foremoft in the community, which, indeed, 
arifes from the freedom and peculiar excellence of 
our conftitution, without which even the fpirit of 
men of letters in general, and of philofophers in 
particular, who never diredly interfere in matters of 
government, would languilh. 

It is rather to be regretted, however, that, in 
fuch a number of nobility and gentry, fo very few 
fhould have any talte for fpientifical purfuits, becaufe, 
for many valuable purpofes of fcience, wealth gives 
a deci five advantage. If extenfive and hating fame 
be at all an objed, literary, and elpecially fcientifical 
purfuits, are preferable to political ones in a variety 
of refpeds. The former are as much more favour¬ 
able to the difplay of the human faculties than the 
latter, as the fyftem of nature is fuperior to any poli¬ 
ticalfyfiem upon earth. 

If extenfive ufefulnefs be the objed, fcience has 
the fame advantage over politics. The greateft 

fuccefs 


THE PREFACE. XXVli 

fuccefs in the latter feldom extends farther than one 
particular country, and one particular age j whereas 
a fuccefsful purfuit of fcience makes a man the 
benefadtor of all mankind, and of every age. How 
trifling is the fame of any ftatefman that this coun¬ 
try has ever produced to that of Lord Bacon, of 
Newton, or of Boyle ; and how much greater are 
our obligations to fuch men as thefe, than to any 
other in the whole Biographia Britamica ; and every 
country, in which fcience has flourilhed, can furnilh 
inftances for fimilar obfervations. 

Here my reader will thank me, and the writer 
will, I hope, forgive me, if I quote a paflage from 
the poftfcript of a letter which I formerly re¬ 
ceived from that excellent, and in my opinion, 
not too enthufiaftical philofopher, father Beccaria, 
of Turin. 

Mi fpiace che il mondo politico, eh' e pur tanto paj- 
Jeggero y rubbi il grande Franklin al mondo della natura, 
che non Ja ne cambiare, ne mancare. In Englifh. 
“ I am forty that the political world, which is fo 
“ very tranfitory, fhould take the great Franklin 
“ from the world of nature, which can never change, 
“ or fail.” 

Scientifical purfuits have fuch an advantage over 
moft others, as ought more efpecially to recommend 
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them to perfons of rank and fortune. They never 
fail to furnilh materials for the moft agreeable and 
adive purfuits, and fuch as are, at the fame time, 
in the higheft degree, ufeful and honourable, and 
are, by this means, capable of doing unlpeakably 
more for them than the largeft fortunes can do 
without this refource. Were perfons thus engaged, 
there would be lefs temptation to have recourfe to 
pleafure and diffipadon, for the employment of their 
vacant time j and fuch purfuits would be particu¬ 
larly valuable to thofe who have no talent for 
polidcs, or any proper call, to occupy themfelves 
in public affairs. Befides, the laft is a path in 
which, from the nature of things, only a very few 
can walk; and the former, viz. a courfe of vicious 
pleafure, it is much to be lamented that any human 
being fhould tread. 

Man is a being endued by his creator with ex¬ 
cellent faculties, and not to have Jerious objects of 
furjuit is to debafe and degrade himfelf. It is to 
rank himfelf with beings of a lower order, aiming 
at nothing that is much higher than the low plea- 
furestheyare capable of; at the fame time that, 
from the remains of nobler powers, of which he 
cannot wholly dived himfelf, he is incapable of that 
unallayed enjoyment of fenfual pleafures that brutes 
have. 


I am forry to have occafion to obferve, that 
natural fcience is very little, if a t all, the objed of 
education in this country, in which many individuals 
have diftinguiihed themfelves fo much by their ap¬ 
plication to it. And I would obferve that, if we 
wdh to lay a good foundation for a philofophical 
tafte, and philofophical purfuits, perfons fhould be 
accuftomed to the fight of experiments, and pro- 
celfes, in early life. They Ihould, more efpecialiy, 
be early initiated in the theory and pradice of in - 
vejligation, by which many of the old' difeoveries 
may be made to be really their own ; on which 
account they will be much more valued by them. 
And, in a great variety of articles, very young per¬ 
fons may be made fo far acquainted with every 
thing necefiary to be previoufly known, as to engage 
(which they will do with peculiar alacrity) in pur¬ 
fuits truly original. 

At all events, however, the curiofity and furprize 
of young perfons fhould be excited as foon as po f- 
fible; nor Ihould it be much regarded whether 
they properly underftand what they fee, or not. It 
is enough, at the firft, if {hiking fads make an 
impreffion on the mind, and be remembered. We 
are, at all ages, but too much in hafte to underftand^ 
as we think, the appearances that prelent themfelves 
10 V s ’ could content ourfelves with the bare 
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knowledge of new fads, and fufpend our judgment 
with refped to their caufes , till, by their analogy, 
we were led to the difeovery of more fads, of a 
fimilar nature, we fhould be in a much furer way 
to the attainment of real knowledge. 

I do not pretend to be perfectly innocent in this 
refped myfelf; but I think I have as little to re¬ 
proach myfelf with on this head as moft of my 
brethren j and whenever I have drawn general con- 
clufions too foon, I have been very ready to aban¬ 
don them, as all my publications, and this work in 
particular, will evidence. I have alfo repeatedly 
cautioned my readers, and I cannot too much in¬ 
culcate the caution, that they are to confider new 
fatts only as dtfeoveries^ and mere deductions from 
thole fads, as of no kind of authority ; but to draw 
all conclufions, and form all hypothefes, for them- 
felves. 

I alfo cannot help exprefling a wifli that during the 
eftablilhment of peace in Europe (and happily itis not 
in the power of any ftate to be always at war) we 
may fee every obftrudion to the progrefs of know¬ 
ledge, which is equally friendly to all ftates, re¬ 
moved. Taxes on the importation of books, and 
other articles of literature, are fo impolitic, as well 
as illiberal, that it is earneftly wilhed that fomething 
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may be ftipulated by contending powers for abo- 
lifting them. There are ftatefmen whofe minds 
* are Efficiently enlarged to fee that philofophy gives 

an ample equivalent for the exemption. 

I might enlarge much more than I have done 
m thls on th z dignity, and utility, of experi¬ 

mental philofophy j but fhall only obferve farther, 
that it is nothing but a fuperior knowledge of the 
laws of nature, that gives Europeans the advantage 
they have over the Hottentots, or the lowed: of our 
fpecies. Had thefe people never known Europeans, 
they could not have formed an idea of any mode 
of life fuperior to their own, though it differs but 
Me from that of the brutes. In like manner, 
icience advancing, as it does, with an accelerated 
progrefs, it may be taken for granted, that man¬ 
kind fome centuries hence will be as much fuperior 
to us in knowledge, and improvements in the arts 
of life, as we now are to the Hottentots, though we 
cannot have any conception what that knowledge 
or what thole improvements, will be. It is enough 
for us to fee that nature is inexhauftible, that it is 
a rich mine, in which we fhall never dig in vain, 
and that it is open to infinitely more labourers than 
are now employed in exploring its contents, or in 
digging for them. 


Having 
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Having been a pretty fuccefsful adventurer in 
this great mine, my philofophical friends in general 
wonder that I do not confine my attention to it. 
Their difiatisfadion with me is fo great, and I hear 
of it from fo many quarters, that I think it right to 
take fome opportunity (and a better than the pre- 
lent will hardly occur) to make an apology for my 
condud, efpecially to thofe of my friends by whofe 
afiiftance I am enabled to give my time to thefe 
liberal purfuits; being pleafed to think that my 
attention to them will be of fome advantage to 
fcience and the public. 

In the firft place, I would obferve, that I follow 
my own beft judgment in devoting my time to 
what I really apprehend to be the moft important 
purfuits, thofe from which myfelf, and mankind at 
large, will finally derive the greateft advantage; 
and I mull be allowed to fay, that the greater va¬ 
riety of objeds to which it is evident that I have 
given attention, muft qualify me to be a better 
judge in this cafe than thofe who cenfure my con¬ 
dud. Perfons who have only one objed of purfuit, 
never fail to over-rate it, and of courfe to under¬ 
value other things. I would farther obferve, that 
the attention 1 have given to theology (which, by 
the way, is my original and proper province, and 
for which I may, therefore, be allowed to have a 
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juftifiable predile&ion) does not engrofs fo much of 
my time as fome perfons may imagine. I am par¬ 
ticularly complained of at prefent, as having thrown 
away fo much time on the compofition of my Hif- 
tory of the Corruptions of Chrijlianity y of the Opinions 
concerning Chrift> and of the Chriftian Church in gene¬ 
ral. But I can aflure them, and the nature of the 
thing, if they confider it, may fatisfy them, that the 
time I muft neceflarily have bellowed upon the 
experiments of which an account is contained in 
any one of fix volumes, is much more than I have 
given to three or four of thofe of which the other 
confift, and to all the controverfial pieces that I 
have written in defence of them. In general, during 
the compofition of thofe works, the greateft part of 
every day was fpent in my laboratory, and the 
evenings and mornings only in reading or writing. 
Befides, thefe different ftudies fo relieve one another, 
that I believe I do more in each of them, by ap¬ 
plying to them alternately, than I fhould do, if I 
gave my whole attention to one of them only. 

But my principal defence refts on the fuperior 
dignity and importance of theological ftudies to any 
other whatever, and with fome obfervations of 
this kind I fhall chufe to conclude this long Pre¬ 
face. 
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Every rational being ought to diftinguifh, by the 
greater attention that he gives to them, thofe ob- 
je&s which are of the greateft importance to him- 
felf, and to mankind at large. And certainly, if 
there be any juft rule for eftimating the value of 
a problem, or query, that is propofed to us, we 
mull think it of infinitely more moment to dif- 
cover whether there be a future, and efpecially an 
endlefs, life after this, and how to iecure a happy 
lot in that future life, than to make the beft pro- 
vifion poffible for ourfelves in this life, which is 
the ultimate objed of all natural philofophy. Stu¬ 
dies, but remotely connected with that great objed, 
muft have a dignity and importance infinitely fu- 
perior to any other. A man muft never have 
thought a moment on the fubjed, if he hefitate to 
give a decided preference in the cafe. To think or 
ad otherwife, would be like a man bufying him- 
felf about farthings, who has large eftates, or king¬ 
doms, depending, and who fhould negled the latter 
in order to fecure the former. 

All that any philofophical perfon can pretend to 
fay in the cafe, muft be, that the expedation of a 
future life is fo manifeftly chimerical, that it can 
never be worth a wife man’s while to lofe a moment 
in thinking about it, or to employ his time in any 
ftudy relating to it. This I know to be the opi¬ 
nion 
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nion of many who will read this book, if not this 
preface. But in this I mud take the liberty to 
differ from them, and for reafons which I fhall fub* 
mit to their ferious confideration. 

Natural phenomena, I agree with them, are un¬ 
favourable to any expectation of a future life, and 
the doftrine of an immaterial foul, capable of fub- 
fifting and acting when the body is in the grave 
(on which the doCtrine of a future flate is generally 
founded) I am as fully perfuaded as they can be, 
is unauthorized by any natural appearances what¬ 
ever. My expectation of a future life refts on an¬ 
other foundation; and, improbable as I acknow¬ 
ledge the doCtrine to be, according to the light of 
nature, it is neverthelefs fuch as I firmly believe, 
on the plaineft of all evidence; the author of nature 
having given us an abfolute affurance of it, by per- 
fons authorized to fpeak in his name, and whole 
divine million was proved by fuch works as no 
other than the author of nature could have enabled 
them to perform. 

That fuch works have been performed, and for 
this important purpofe, muft, I apprehend, be true, 
if there be any truth in hiftory. And there is no 
kind of evidence more eafily fubje&ed to a rigorous 
examination than that which is of the hiftorical kind, 
b 2 the 
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the maxims of which we are every day converfant 
with. 

Now it appears to me, that we muft either ad¬ 
mit the truth of the gofpel hiftory, which contains 
an account of the doctrine, miracles, death, and 
refurre&ion of Chrift (on which the belief of a 
future life depends) or believe what is infinitely 
more incredible, viz. that feveral thoufand people, 
prelent at the tranfadtfons, and who had no motive 
to believe them without fufficient evidence, but 
every motive to turn their eyes from them, or dis¬ 
believe them if they could, fhould yet, without fuch 
evidence, have given the firmeft afient to them, 
and have entertained lb little doubt of the extraor¬ 
dinary fadts, as to maintain their faith in them at 
the hazard of every thing dear to them in life, and 
even chearfully lay down their lives/ rather than 
abandon their faith. Let philofophers, as fuch, 
account for this great faff, without admitting more 
real miracles, and thofe of a more extraordinary 
kind, than the belief of chriftianity requires- of me, 
and I will relinquilh my prefent faith, dear as it is 
to me, and join them in expofing it. 

As philofophers, the queftion between us is, whofe 
faith., itri&ly fpeaking, is more agreeable to prefent 
appearances. Whatever we may think of an author 
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of nature, and of his attention to-it, we equally be- 
Heve in the uniformity of the laws of nature , and that 
man, whofe conftitution is a part of the fyftem of 
nature, was the fame kind of being two thoufand 
years ago that he is now; as much as that a horfe 
of that age, or an oak tree of that age, had the 
fame properties with the horfes and oaks of the 
prefent. Confequently, whatever was pofiible with 
refped to man in any former period, is equally pof- 
fible now. 

But will any man, who gives a moment’s atten¬ 
tion to the fubject, fay that it is even pffihle that 
feveral thoufand perfons, in London or Paris, could 
be made to believe that any man in London or 
Paris, died and rofe from the dead in their own 
life-time, that they (hould perfift in this perfuafion 
through life, without (hewing any fign of infanity, 
that they fhould gain numerous profelytes to their 
opinion, though it fubjeded all who embraced it to 
all kinds of perfection, and even to death; and 
that the belief of it fhould eftablifh itfelf againft all 
oppofition, without any perfon being able to deted 
the impofition ? 

Now I apprehend that this might take place 
more eafily in London, or in Paris, at this day, 
than it could have done at Jerufalem in the time 
b 3 °f 


XXXV111 THE PREFACE. 

of our Saviour. Human nature could not have 
been the fame thing then that we find it to be at 
prefent, if mankind could have been fo impqfed 
upon. This I therefore think abfolutely incredible, 
and confequently, as the lefs difficulty of the two, 
as believing a thing much lefs improbable, I adihit 
the truth of the gofpel hiftory, the admiffion of 
which makes the fubfequent account of the pro¬ 
pagation of chriftianity (which all hiftory, and even 
the prefent ftate of things, proves to be true) per- 
fe< 5 tly eafy and natural. Admitting thefe leading 
fatfts, all the reft follows of courfe, and all things 
came to be as they are without any farther miracle. 
But real miracles we muft have fomewhere, in or¬ 
der to account for the prefent ftate of things; 
and if we muft admit miracles, let them be ftich 
as have a great objeSi , and not fuch as have no 
objeft at all, but only ferve to puzzle and con- 
found us. 

The hiftory of the Jews, and the books of the 
Old Teftament, furnifh many facts, which no hy- 
pothefis befides that of the divine origin of their 
religion can explain. Let the philofopher only 
admit as a pcjiulatum that Jews are,' and always 
were, men, conftituted as other men are, and let 
him not deceive himfelf, by confidering them as be- 
ings of another fpecies. All I wiffi in this refped 
1 is, 
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is, that perfons who pretend to the chara£ter of phi¬ 
losophers , would be fo throughout, and carry the 
lame fpirit into the ftudy of hiilory, and of human 
nature, that they do into their laboratories j firft ai- 
furing themlelves, with refpedt to fails, and then ex¬ 
plaining thofe fa£ts by reducing them to general prin¬ 
ciples (which, from the uniformity of nature, mull 
be univerfally true), and then I fhall have no doubt 
of their becoming as firm believers in chriftianity as 
myfelf. They will find no other hypothecs , that 
can explain fuch appearances as they cannot deny to 
be real. Let philofophers now fay, whether there 
be reafon in this, or not. 

I therefore take the liberty, having been led to 
advance thus much, to addrefs my brother philofo¬ 
phers on a fubjeft equally interefting to us as philofo¬ 
phers, and as men. Do not difregard a queftion of 
infinite moment. Give it that degree of attention 
to which it is naturally intitled i and efpecially do 
not fo far abandon the ferious chara&er of philofo¬ 
phers, as to laugh where you ought to reafon. At 
lead, do this great fubjeft, and yourielves, the juf- 
tice to confider the fails, and endeavour to frame 
feme hypothecs by which to account for them ; and 
do not decide in half an hour, on an inquiry which 
well deferves the ftudy of a great part of your 
lives. 
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If l have a ftronger bias than many other perfons 
in favour of chriftianity, it is that which philofophy 
gives me. I view with rapture the glorious face of 
nature, and I admire its wonderful conftitution, the 
laws of which are daily unfolding themfelves to our 
view. It is but little that the life of man permits 
us to fee at prelent, and therefore I feel a moll eager 
defire to renew my acquaintance with it hereafter, 
and to refume thofe inquiries with which I am fb 
much delighted now, and which mull be interrupt¬ 
ed by death. 

Could I imagine that the knowledge of nature 
would ever be exhaufted, and that we were ap¬ 
proaching to a termination of our enquiries, I could 
more contentedly fhut my eyes on a fcene in which 
nothing more was to be feen, or done. But to quit 
the ftage at prefent (and I believe the afpeft of 
things will be exactly fimilar in any future period of 
our exiftence) without the hope of re-vifiting it, 
would fill me with the deepeft regret. The general 
who, like Epaminondas, or Wolfe, dies in the arms 
of victory, dies with fatisfa&ion ; but not fo he that 
is cut off in the beginning of a doubtful, though 
promifing, engagement. Thus I feel on the idea 
of ceafing to breathe, when I have but juft begun to 
know what it is that I breathe. 
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M. Herfchell’s late difcoveries in, and beyond, 
the bounds of the folar fyltem, the great views that 
he has given us of the arrangement of the liars, 
their revolutions, and thofe of the immenfe fyftems 
into which they are formed, are peculiarly calcu¬ 
lated to infpire an ardent defire of feeing fo great a 
feene a little more unfolded. Such difcoveries as 
thefe, give us a higher idea of the value of our being, 
by railing our ideas of the JyJiem of which we are 
apart, and, with this, an earneft wilh for the conti¬ 
nuance of it. 

Befides, civilfociety is but in its infancy, the world 
itfelf is but very imperfectly known to the civilized 
inhabitants of it, and we are but little acquainted 
with the real value of thofe few of its productions 
of which we have fome knowledge, and which we 
are only beginning to name, and to arrange. How 
mult a citizen of the world wilh to know the future 
progrefs of it ? 

To have no wilh of this kind certainly argues a 
low, an ignoble, and I will fay, an unphilofophical 
mind. 1 confider all fuch perfons, how fuperior 
foever they may be to myklfin other refpeCts, with 
pity and concern. They would have unfpeakably 
more fatisfaCtion in their philofophical purfuits, if 
they carried them on with the views of things that 

I have 


xlii 


the preface. 


I have. It has been juftly obferved, that great 
views indicate, and indeed conftitute, great minds. 
What elevation of mind, then, would the pro- 
fpecfts of the chriftian, add to thofe of the philofo- 
pher !* 

With men of reflection this apology for my con¬ 
duct will, I doubt not, be admitted as fatisfaftory ; 
and till I hear better reafons than have yet been of¬ 
fered to me for changing my conduCt, I fhall con¬ 
tinue to give my attention to my different purfuits, 
according to my own ideas of their refpe&ive im¬ 
portance ; and my friends have no reafon to fear 
that I fhall negleCt pbUofophy. It has, perhaps, but 
too ftrong charms for me. I fhall endeavour, how¬ 
ever, to keep it in its proper place, and not fo 

* If any of my philofophical friends fliould be induced, by what 
I have here urged, to look into my theological writings, I would 
take the liberty to recommend to them my Letters to a Philofophical 
Unbeliever , the InJUtutes of natural and revealed Religion, the Gene¬ 
ral Hiflory of the Chriftian Church, till the Fall of tlx Wejlern Empire , 
and the Hiflory of the Cor rations of Cbriflianity , efpccially the Con- 
clufon, Part I. relating to Mr. Gibbon, who has declined engaging 
in the difcuffion I there propofed to him. If they with to fee more 
particularly in what manner chriftianity came to be encumbered 
with the dotfrine of the trinity, which has been the foundation of 
one of the greateft objections to it, I would further refer them to 
my Hiflory of early Opinions concerning Chrift, where they will fee it 
traced to its proper fource in the Platonic philoi'ophy, and where 
it is proved that the primitive chriftian church was unqueftionably 
Unitarian. 
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much attach myfelf to the dudy of the laws which 
govern this world, as to lofe fight of the fubferviency 
of this world, and of all things i n it, to another and 
a better ; .in which I hope to refume thefe pleafing 
philofophical purfuits, and to fee, in a comprehen- 
five view, thofe detached difcoveries which we are 
now making here. 

At prefent all our fyjlems are in a remarkable man¬ 
ner unhinged by the difcovery of a multiplicity of 
fafts, to which it appears difficult, orimpoffible, to 
adjuft them. We need not, however, give our- 
felves much concern on this account. For when a 
fufficient number of new fadts ffiall be difcovered 
(towards which even imperfedt hypothefes will con¬ 
tribute) a more general theory will foon prefent it- 
felfj and perhaps to the mod incurious and lead 
lagacious eye. Thus, when able navigators have, 
with great labour and judgment, deered towards 
an undifcovered country, a common failor, placed 
at the mad head, may happen to get the fird fight 
of the land. Let us not, however, contend about 
tnerit, but let us all be intent on forwarding the 
common en‘erprize y and equally enjoy any progreis 
we may make towards fucceeding in it j and above 
all, let us acknowledge the guidance of that Great 
Being, who has put afpirit in man , andwhoje inspira¬ 
tion giveth him underflanding . 
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I have not, in this edition, given a Jummary vien 
if fads, fuch as I gave in the fifth of the preceding 
volumes, partly becaufe I found it would have made 
the laft volume of a difproportionate fize, but chiefly 
becaufe the arrangement of the prefent work, and 
the Index to the whole, rendered it lefs neceflary. 
Such a fummary will be found in Mr. Keir’s Che¬ 
mical Di&ionary, and in Elementary Treatifes, 
comprizing what all experimenters on air have difl. 
covered. 

• As I with topreferve the memory of my patrons 
(though I hope to do in a more effefhial manner 

than this) I would obferve that thefix original volumes 

were inferibed to the following peribns; viz. the Mar¬ 
quis of Lanfdown, Sir George Savile, the late Earl of 
Stanhope, Sir John Pringle, Dobtor Heberden, and 
William Conltable, Elij. of Burton Conftable. 


CON- 


C o N T E N 


T S 


OF THE 

FIST VOLUME. 


The 


Introduction 


page i 


Sett. I. A general View of preceding Difcoveries re¬ 
lating to Air - Hit. 

Seft. II. Of the Ufe of Terms - 8 

Se&. III. An Account of the Apparatus with which 
the following Experiments were made - 12 


BOOK I. 

OBSERVATIONS and experiments re¬ 
lating TO FIXED AIR . 43 

Part I. 

Of the Relation of fixed Air to Water - ibid. 
Seft. I. Of the Impregnation of Water with fixed 
Air - ibid. 

Seft. II. Of the State of Air in Water - 56 

Part 


xlvi 


CONTENTS. 


Part II. 

Of the Subftances which yield fixed Air chiefly by 
Heat - - 63 

Se£t. I. Of Air extracted, from Mineral Sub- 
Jlanees - - 

Se< 5 t. II. Air from faline Subftances - 81 

Seft. III. Air from Subflances of a vegetable Ori¬ 
gin 87 

Seft. IV. Air from Animal Subflances - ^ 

Part III. 

Various Properties of fixed Air - IOO 

Se6t. I. The Effects of fixed Air on Animals and 
Vegetables - - fad. 

Sefb. II. Of the Change made in fixed Air by the 
elettric Spark - - II2 

Se< 5 t. III. Mifcellaneous Obfervations on the Proper¬ 
ties of fixed Air - _ 1 19 

1. The Acidity of fixed Air - fad. 

2. Fixed Air expelled from JVater by boiling 120 

3. The freezing of IVater impregnated with fixed 

■dir - - ibid. 

4. Fixed air , how affeSled by Iron Filings and 

Sulphur - . 121 


5. Iron 


xlvii 


contents. 


J. Iron in fixed Air _ J22 

6 . Fixed Air changed by Incorporation with Wa- 

,er . - 123 

7 * Fixed Air expofed to Heat m J2 

8. A Source of Deception from fixed Air, contained 

in Water _ .... 

ibid. 


9 - Of fixed Air in acetous Fermentation j 26 
10. Fixed Air from putrefying animal Subfiances 
" • w ' I2 7 


Part IV. 

Of the conftituent Principles of fixed Air 129 
Sedt. I. Fixed Air contains Water - ibid. 

Sedl. II. Fixed Air may be procured by Means of 
nitrous Acid _ _ j ^ 

Sedt. III. Fixed Air may be formed by Means of 
Something imbibedfrom the Atmojphere 136 


Sedt. IV. Of the Generation of fixed Air from the 
vitriolic Acid 

- 146 

Seft. V. Of the Compofition of fixed Air from dephlo- 
gifhcated Air, and Phlogifton, by the Generation of 
,1 from heating together. Subfiances containing each 

»f‘ hem ' - - , 45 

Sea. VI. Ofthe Generation of fixed .dir, by heating 
Subftatjces containing Phlogifion in dephlogifiicated 

^ ir m ~ • 159 

Sedt 


xlviii 


CONTENTS. 

Se£L VII. Of the Production of fixed Air hy heat¬ 
ing Subftances containing dephlogiflicated Air in in¬ 
flammable Air _ _ ^ 

Se£t. VI 11 . Of Air acting through a Bladder 174 


BOOK II. 

EXPERIMENTS AND OBSERVATIONS RE¬ 
LATING TO INFLAMMABLE AIR l8^ 


Part I. 

Experiments and Obfervations relating to the Pro¬ 
duction of inflammable Air _ ^ 

SeCt. I. Of inflammable Air from Metals, , by Means 
of Acids, £?<r. - - 

SeCt. II. Of inflammable Air from Oil _ 1 

SeCt. III. Of the Production of inflammable Air from 
different Subftances , by Means of Heat and Wa- 
ter “ “ - 200 

SeCt. IV. Of Air produced by Subftances putrefying 
in IVater - - - 206 

SeCt. V. Of Ai r produced by various Subftances pu¬ 
trefying in Quickftlver - m 2l6 


Part II. * 

Of the Properties of inflammable Air 


223 

SeCt. 


CONTENTS. xlix 

Sett. I. Various Experiments to change and decom- 
poje inflammable Air _ _ 223 

I. Inflammable Air diminijhed by Charcoal ibid. 


2. Of Put ref allion in inflammable Air 224 

3. Plants growing in inflammable Air ibid. 

4. IVater impregnated with inflammable Air 225 

5. Inflammable Air agitated in Oil of Turpen¬ 
tine - - 228 

6. Animals dying in inflammable Air . 229 

7. Inflammable Air changed by keeping in Wa¬ 
ter - - 230 

8. The eleftric Spark in inflammable Air 232 

9. The Smell of inflammable Air - ibid. 

Sett. IF. Inflammable Air decompofed by Heat , in 

Tubes of Flint Glafs - - 234 

Sett. III. Offulphuratedinflammable Air 241 


Sett. IV. Metals> and other Subflances containing 
Phlogiflon, formed by imbibing inflammable Air 248 

Part III. 

Of the Conftitution of inflammable Air 2 66 

Sett. I. Experiments which prove that IVater is a 
necejfary Ingredient in inflammable Air ibid . 


1 


CONTENTS. 


Sed. II. Inflammable Air from Charcoal and Iron, 
&c. by Means of Steam - 280 

Sed. III. Of the Action of Steam on various Sub¬ 
fiances in a red Heat - 301 

Sed. IV. IVhether inflammable or nitrous Air con¬ 
tain more Phlogiflon - - 304 

Sed. V. Phe Analyfis of different Kinds of inflam¬ 
mable Air - ** 308 

BOOK III. 

EXPERIMENTS AND OBSERVATIONS RE¬ 
LATING TO NITROUS AIR. 328 

Part I. 

Of the Source of nitrous Air - ibid. 

Sed. I. Of nitrous Air from Metals - ibid. 

Sed. II. Of nitrous Air from Vapour of Spirit of 

Nitre and Water - - 335 

Sed. III. Of the increafed Produce of nitrous 

Air , by previoufly converting the Acid into Va¬ 
pour - • - 34 1 

Sed. IV. Of the Production of nitrbus Air by Means 
of phlogifticated nitrous Acid , 347 

Sed. V. Of Air from Gunpowder - 35 1 

Fart 


li 


CONTENTS. 


Of the Properties of nitrous Air - 354. 

Sed. I. Of nitrous Air as the Fejl of the Purity of 
refpirahle Air - - ibid. 

Seel. II. Of the Impregnation of IVater with ni¬ 
trous Air - - 364. 

Sed. III. Of the Abforption of nitrous Air by Oils , 
Spirit of Wine, and cauflic Alkali - 372 

Sed. IV. Of the Phenomena attmding \the Abforption 
of nitrous Air by Acid Liquors - 381 

Sed. V. Of the antifeptic Power of nitrous air 


Sed. VI. Of the Formation of nitrous Ammoniac by 
nitrous Air -» - 398 

Sed. VII. Explanation offome Phenomena attending 
the Solution of Metals in nitrous Acid - 402 

Sed. VIII. Mifcellaneous Properties of nitrous 
Air - - 407 

1. Of the freezing of IVater impregnated with ni¬ 
trous Air - . ibid. 

2 . Of the burning of a Mixture of nitrous and in¬ 
flammable Air ' - 408 

3. Of Plants and Animals in nitrous Air 409' 

4. Of the Ufe of nitrous Air in Clyfters 410 





The 


introduction* 


SECTION I. 

A general view of preceding discoveries relating 
to air. 

F OR the better underftanding of the experi¬ 
ments and obfervations on different kinds of 
air contained in this treatife, it will be ufeff.il to 
thole who are not acquainted with the hiftory of tin's 
branch of natural philofophy, to be informed of 
thofe fatfls which had been difeovered by others, 
before I turned my thoughts to the fubjedt ; which 
fuggefted, and by the help of which I was enabled 
to purfue, my enquiries. Let it be obferved, how¬ 
ever, that I do not profefs to recite in this place all 
that had been difeovered. concerning air, but only 
thole difeoveries the knowledge of which is necef- 
fary, in order to underftand what I have done my- 
felf; fo that any perl'on who is ‘only acquainted with 
the general principles of natural philofophy, may 
Voi». I. B be 
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be able to read this treadle, and, with proper at¬ 
tention, to underftand ev^ery part cf it. 

That the air which conftitutes the atmofphere in 
which we live has Weight, and that it is elaJHc, or 
confifts of a comprefiible and dilatable fluid, were 
fome of the earlieft difcoveries that were made af¬ 
ter the dawning of philofophy in this weftern part 
of the world. 

Alfo Van Helmont, and other chymifts who fuc^- 
ceeded him, were acquainted with the property of 
fome vapours to fufrocate, and extinguilh flame, 
and cf ethers to be ignited.; effe&s, indeed, which 
could not but have been known in all ages. But they 
had no idea that the fubftances (if, indeed, they 
knew that they wer zjubjl antes, and not merely pro¬ 
perties, and affeRions of bodies which produced tliofe 
effects) were capable of being feparately exhibited 
in the form of a permanently elajlic vapour, not con- 
denfable by cold, to which I give the name of air, 
any more than the thing that conftitutes JmelL 
In fact, they knew nodiing at all of any air befides 
common air, and therefore they applied the term to 
no other fubflance whatever. 

That elaflic fluids, differing, effentially from the 
air of the atmofphere, but agreeing, with it in the 
properties of weight, elafticity, and tranfpar cnc y> 
might be generated from folid fubftances, was dif, 
covered by Mr. Boyle, through two remarkable 
4 kinds 
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kinds of factitious air, at leaft the effects of them, 
had been known long before to all miners. One 
of thefe is heavier than common air. It lies at the 
bottom of pits, extinguifhes candles, and kills ani¬ 
mals that breathe it, on which account it had ob¬ 
tained the name of the choke damp . The other is 
lighter than common air, taking its place near the 
roofs of fubterraneous places; and becaufe it is 
liable to take fire, and explode, like gunpowder, it 
had been called th eflre damp . The word damp fig- 
nifies vapour or exhalation in the German and Saxon 
language. 

Mr. Boyle was, I believe, the firft who difcover- 
ed that what we now call fixed air , and alio inflam- 
maile air > are really elajlic fluids, capable of being 
exhibited in a ftate unmixed with common air, a 
a£t which nothing that was known before his time 
could have given him the leaft reafon to expedt; 
nor, in fadt, did he make the difcovery by any kind 
of reafoning a priori. I t was the une 

of his experiments. 

Though the fo rmer of thefe kinds of air had been 
known to be noxious, the latter, I believe, had not 
been difeovered to be fo, having always been found, 
in its natuial ftate, f Q much diluted with common 
mr, as to be breathed with fafety. Air of the for¬ 
mer kind, befides having been difeovered in various 
caverns, particularly the groita del Cane in Italy, 
B a had 
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had alfo been obferved on the furface of fermenting 
liquors, and had been called gas (which is the lame 
with geifi, or /pint} by Van Helmont, and other 
German chymifts ; but afterwards it obtained the 
name of fixed air, efpecially after it had been dis¬ 
covered by Dr. Black of Edinburgh to exift, in a 
fixed ftate, in alkaline falts, chalk, and other cal* 
careous fubftances. 

This excellent philofbpher difcovered that it is the 
prefence of the fixed air in thefe fubftances that 
renders them mild, and that when they are deprived 
of it, by the force of fire, or any other procefs, 
they are in that ftate which had been called caufiic , 
from their corroding or burning animal and veget¬ 
able fubftances. 

Fixed air had been difcovered by Dr. Macbridc 
of Dublin, after an obfervation of Sir John Prin¬ 
gle’s, which led to it, to be in a confiderable de¬ 
gree antifeptic; and fince it is extra&ed in great 
plenty from fermenting vegetables, he had recom¬ 
mended the ufe of wort (that is an infufion of malt 
in water) as what would probably give relief in the 
fea-feurvy, which is faid to be a putrid difeafe. 

Dr. Brownrigg had alfo difcovered that the fame 
fpecies of air is contained in great quantities in the 
water of the Pyrmont fpring at Spa in Germany, 
and in other mineral waters, which have what is 
called an acidulous tafte, and that their peculiar 

flavour. 
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flavour, brifknefs, and medicinal virtues, are de¬ 
rived from this ingredient. 

Dr. Hales, without feeming to imagine that there 
was any material difference between thefe kinds of 
air and common air, obferved that certain fub- 
ftances and operations generate air, and others ab- 
Jorb it i imagining that the diminution of air was 
fimply a taking away from the common mafs, with¬ 
out any alteration in the properties of what remained. 
His experiments, however, are fo numerous, and 
various, that they arejuftly efteemed to be the folid 
foundation of all our knowledge of this fubjedt. 

Mr. Cavendifh had exadtly afeertained the fpecific 
gravities of fixed and inflammable air, fhewing the 
former of them to be if heavier than common 
air, and the latter ten times lighter. He alfo fhew- 
cd that water would imbibe more than its own bulk 
of fixed air. 

Laftly, Mr. Dane difeovered that water thus im¬ 
pregnated with fixed air will diflolve a confiderable 
quantity of iron, and thereby become a ftrong cha¬ 
lybeate. 

Befides thefe two kinds of factitious air, that 
which I call nitrous air obtruded itfelf upon Dr. 
Hales ; but even he, as I obferved, had no idea of 
there being more than one kind of air , loaded with 
different vapours j and was far from imagining that 
• they differed from one another fo very effentially as 
B 3 they 
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they are now known to do. And though Mr. 
Boyle, Dr. Hales, and others, could not but be ac- 
quainted with the effluvium of fpirit of fait, and alfo 
of volatile alkali , they could have ho idea that the 
fiibftance which had thofe powers was capable of 
being feparated from common air, and of being ex¬ 
hibited free from moifture, in the form of a perma¬ 
nently elaftic vapour, to appearance exaftly like that 
which constitutes the common atmofphere. Or if 
any perfon, till within thefe very few years, had fuch a 
notion (of which, however, I do not believe that 
they have given the leaft intimation) it muft 
have been a mere random conjecture, and what no¬ 
thing but actual experiment could have afcertained. 

Even Mr. Cavendilh, whole experiments relating 
to air immediately preceded my own, appears not 
to have had fo much as a fufpicion of this kind. 
For he relates an experiment of his, on the folution 
of copper in the marine acid, as inexplicable, ex¬ 
cept on the hypothefis of there being a kind of air 
that loft its elafticity by the contact of water, which ad¬ 
mits of the eafieft folution imaginable, on the fup^ 
portion °f the foirit of fait emitting a vapour, 
which though capable of being confined by qu ick- 

filver, and of being by that means exhibited in the 

form of air, was inftantly abferbed by water, which 
would thereupon become pofieffed of all the proper¬ 
ties of common ipirit of fait, 

In 


Sett. I. 




THE INTRODUCTION. 7 


In fa< 5 t, none of the chymifts appear to have had 
the lead idea of its being even poffible to feparate 
the acid or alkaline principles from the water with 
which they are always found combined ; and there¬ 
fore, though they did fuppofe them capable of far¬ 
ther concentration, they ftill confidered a certain por¬ 
tion of water, as abfolutely ejfential to them ; and 
confequently all the experiments that have hitherto 
been made on the affinities of the acids, and alkalis, 
are, in fa< 5 t, nothing more than the affinities of com- 
foundJubJlances, confiding of the acids or alkali , 
and water. 


The above-mentioned, I would obferve, are by 
no means all the difcoveries concerning air that 
have been made by the gendemen whofe names I 
have mentioned, and ftill lefs are they all that have 
been made by others; but they comprize all the 
previous knowledge of this fubjedfc that is neccftary 
to the underhanding of this treatife ; except a few 
particulars, which will be mentioned in the courfe 
of the work, and which it is, therefore, unneccfthry 
to recite in this place, 1 
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SECTION II. 

Of the JJJe of Terms. 

I N writing on the fubjedt of different kinds of 
air, I found myfelf at a lofs for proper terms, by 
which to diftinguifh them, thofe which have hi¬ 
therto obtained being by no means fufficiently cha- 
radteriftic, or diftindt, The only terms in common 
ufe were, fixed air , mephitic, and inflammable. The 
laft, indeed, fufficiently charadterizes and diftin- 
guilhes that kind of air which takes fire, and ex¬ 
plodes on the approach of flame ; but it might have 
been termed fixed with as much propriety as that to 
which Dr. Black, and others before him, had given 
that denomination; fince it is originally part of fomc 
folid fubftance, and exifts in an unelaftic Hate. 

The term mephitic is equally applicable to what 
is fixed air, to that which is inflammable, * and 
to many other kinds ; fince they are equally noxi¬ 
ous, when breathed by animals. Rather, however, 
than either introduce new terms, or change the 
fignification of old ones, I have ufed the term fixed 
air, in the fenfe in which it is now commonly ufed, 
and have diftinguilhed the other kinds by their pro¬ 
perties, or fome other periphrafis. I have been under 

a ne?' 
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a neceffity, however, of giving names to thofe kinds 
of air, to which no names had been given by others, 
as nitrous, acid, alkaline, &c. 

No perfon was ever more temperate, or more 
cautious, than I have been in the introduction of 
new terms, confidering the number of new fafts 
that I have difcovered. It was with great hefitation, 
though compelled by necefiity, that I did it at all ; 
generally with the advice of my molt judicious 
friends, and always adopting fuch as were analogous 
to others in eftablilhed ufe. Thus when I found 
the terms common or atmospherical air, fixed air, and 
inflammable air , ufed by all philofophers, and no 
perfon whatev er had objected to them, it was cer¬ 
tainly natural for me to continue to apply the term 
air to other elaftic tranfparent fluids, not condenfable 
by cold, and to diltinguilh them by other appella¬ 
tions, drawn from the peculiar circumftances of 
their production, as nitrous air, acid air, alkaline 
air, phlogifiicated and dephlogifticated air , &c. ufing 
the term air as exprefiive of the mere form in which 
a fubftance is exhibited, without any confideration 
of the elements of which it confilts. I therefore 
think the term gas, which many ufe, in this fenfe, 
to be imneeeffaryj the term air, as it had long, 
been ufed by philofophers, being fufficient for the 
purpofe. 

They 
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They who chufe to apply the term air to a Jub- 
Jlance, and not to a form, are certainly at full li¬ 
berty fo to do, if they pieale ; and provided we 
underftand one another, no inconvenience will re- 
fult from our ufe of a different language. But 
then die fame perfons fhould be uniform in their ob¬ 
jections and practice, and call nothing by the name 
of air that they do not believe to confift of that one 
elementary JubJlance to which they profefs to appro¬ 
priate the term. The language that I adopt, in 
this refpeft, implies no attachment to any hypo- 
thefis whatever, and may ftill be ufed though I 
fhould change my opinion on that fubjeCt; which 
is certainly a very great advantage in philofophical 
language. In adopting the terms phlogifticated and 
dcpblogifticated air, I did not, I own, ufe the lame 
judgment; but as by good fortune, they do not 
appear at all improper, I do not fee any fufffcient 
reafon to abandon them. The azote in die new no¬ 
menclature is not expreffive of any thing peculiar to 
what I have called phlogifticated air and the term 
vital, does not fufficiently diftinguilh deplilogiftx- 
cated from common , or atmofpkerical air. 

Some perfons more particularly obje& to the 
term air, as applied to acid, alkaline, and even ni¬ 
trous air i but it is certainly very convenient to have 
a common term by which to denote things which 

have 
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have fo many common properties, and thofc fo very 
linking j all of them agreeing widi the air in which 
we breathe, and with fixed air , in elafticity, and tranj- 
parency, and in being alike affected by heat or cold; 
lo that to the eye they appear to have no difference 
at all. With much more reafon, as it appears to 
me, might a perfon object to the common term 
metal, as applied to things fo very different from 
one another as gold, quickfilver, and lead. 

Befides, acid and-alkaline air do not differ from 
common air (in any refpeft that can countenance 


an objection to their having a common appellation) 
except in fuch properties as are common to it with 
fixed air, though in a different degree; viz. that of 
being imbibed by water. But, indeed, all kinds of 
air, common air itfelf not excepted, are capable of 
being imbibed by water in fome degree. 

Some may think the terms acid and alkaline va~ 
four more proper than acid and alkaline air. But 
the term vapour having always been applied to 
elaftic matters capable of being condenfed in the 
temperature of the atmofphere, efpecially the va- 
P°^ r °. feems harfli to apply it to any 

elaftic fubftance, which at the fame time that it is as 
tranfparent as the air we breathe, is no more afieft- 
cd by cold than it is. 
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SECTION III. 

An account of the apparatus with which the following 
experiments were made . 

R ATHER than deferibe- at large the manner 
in which every particular experiment that I 
fhall have occafion to recite was made, which would 
both be very tedious, and require an unneceflary 
multiplicity of drawings, I think it more advifeable 
to give, at one view, an account of all my appara¬ 
tus and inftruments, or at leaft of every thing that 
can require a defeription, and of all the dif¬ 
ferent operations and proceffes in which I employ 
them. 

It will be feen that my apparatus for experiments 
on air is, in fad, nothing more than that of Dr. 
Hales, Dr. Brownrigg, and Mr. Cavendifh, diver- 
fified, and made a little more fimplc. 

For experiments in which air will bear to be con¬ 
fined by water, I firft ufed an oblong trough made 
of earthern ware, as a Plate I. fig. i. about eight 
•inches deep, at one end of which I put thin fiat 
ftones, about an inch, or half an inch, under 
the water, ufing more or fewer of them according to 
the quantity of water in the trough. I afterwards found 
it more convenient to ufe a larger wooden trough, 

of 
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of the fame form, with a fhelf about an inch lower 
than the top, inftead of the flat ftones above-men¬ 
tioned. But I now ufe a trough, two feet two 
inches long, one foot two inches wide* and nine 
inches deep, for common purpofes, and others of 
different dimenfions for particular ufes. In making 
them the joints are fixed in frefh paint, which renders 
them perfeftly water tight. 

In one end of this trough are ledges , on whieh it 
can Hide, fo that I can take it out with pleafure ; I 
have alfo a Jhelf like Fig. f. Plate III. except that it 
is not fufpended, as that is, by thin pieces of copper, 
bended into the form of hooks, which, however, 
anfwered very well. The fhelf is about an inch 
and an half in thicknefs, for the convenience of ex¬ 
cavating the under-fide in the form of funnels, the 
orifices of which, about a quarter of an inch in 
diameter, appear on the upper fide, as the form 
and fize of the cavity below is expreffed by the 
dots above. This was an ingenious contrivance of 
the Due de Chaulnes. 

Thefe funnels lhould be made as capacious as pof- 
fible j but care lhould more efpecially be taken, that 
no part of them be too flat, left any bubbles of air 
lhould be retained, and not pafs into the veflcls 
placed to receive them. 

. When frefh air is generated, it is convenient to 
introduce the tube of the phial in which it is pro¬ 
duced, quite under the fhelf, into the hollow of 

the 
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the *" unne ^ But when it happens that the fweep of 
the tube is to fhort for that purpofe, I make ufe of 
a fmall production of the upper part of the fhel£ 
with a flit in it, under which the fhorter tube may 
be brought; and the edge of the jar that receives 
the air, may be made to Aide over the place at 
which die bubbles iflue. 

Fig. 2. Plate III. is a^fide view of a glafs funnel 
fupported by a wooden pillar, rifing from a bafe, 
to which a plate of lead is fattened, in order to 
make it fink, and keep its place in the water. At 
the top of the pillar is a piece of wood cut in front 
(but, for that reafon, not vifible in this figure) in a 
concave form, for fupporting a glafs tube, that, 
relbng on the orifice of the funnel, may lean againft 
it. Both this piece of wood, and alfo that which 
fupports the funnel, are made to Aide up and down, 
and are fixed by wedges at whatever height is found 
to be moft convenient. This apparatus faves the 
trouble and inconvenience of keeping one’s liand in 
the water for the fake of holding the fimnel, while 
the air is pouring through it. 

3 ' P1 ' IIL re P refc nts an apparatus that 
would not deferve a copper-plate, but that there is 
often great convenience in little things. ' It exhibits 
a bafon of water, or quickfilver, fo phced, in a frame 
of wood, as to contain feveral glafs tubes, which 
may be fupported with little trouble, and difpofed of 

without materially interfering with each other. I n 

this 




Stct. Ill, THE introduction. ij 

this manner I have often more t h an half a dozen 
in ufe at the fame time. 

After ufing this bajon for quickfilver, which, on 
many accounts, is, in general, more convenient i 
taan any other form of a rejervoir . J f ounc j j ^ad 
had occafion to transfer air from one j ar to another 
in quickfilver, in the fame manner as I had ufed to 
do in water; and then I found it abfoluteiy need- 
fary for this purpofe, to make ufe of an oblong 
trough , PI. V. fig. i. That which I have com- 
monly ufed is made of wood, feven inches long, 
three wide, and three deep, made cylindrical at the 
bottom, in order to make the lead quantity of 
of quickfilver necefiary. But I have an upright 
piece of wood at one end, contrived to fupport 
tall glafs veflels without danger of falling. It is 
only with fuch an apparatus as diis, that given 
quantities of alkaline and acid airs can be mixed, as 
is deferibed in the courle of die work. 

The feveral kinds of air I ufually keep in cylin 
drical jars, as r, r, PI. I. fig . r , about ^ inches 

long, and two and an half wide, being fuch as I have 
generally ufed for eledncal batteries; but I have 
likewife veffds of very different forms and fizes, 
adapted to particular experiments. 

When I want to remove veffels of air from the 
large trough, I place them in pots or dijbes, of va¬ 
rious'fizes, to hold more or lefs water, according 
to die time that I have occafion to keep die air, as 

fig. 
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fig- 2. Thefe I plunge in water, and Aide the jars into 
them; after which they may be taken out together, 
and be fet wherever it lhall be moft convenient. 
For the purpofe of merely removing a jar of air 
from one place to another, where it is not to (land 
longer than a few days, I make ufe of common 
tea-diJkfSy which will hold water enough for that 
time, unlefs the air be in a ftate of diminution, by 
means of any procefs that is going on in it. 

If I want to try whether an animal will live in 
any kind of air, I firft put the air into a fmall vef- 
fel, juft large enough to give it room to ftretch it- 
felf; and as I generally make ufe of mice for this 
purpofe, I have found it very convenient to ufe the 
hollo v/ part of a tall beer-glafs, d Fig. i, which 
contains between two and three ounce meafures of 
air. In this vefiel a moufe will live twenty minutes, 
or half an hour. 

For the purpofe of diefe experiments it is moft con¬ 
venient to catch the mice in fmall wire traps, out of 
which it is eafy to take them, and, holding them by 
the back of the neck, to pafs them through the 
water into the vefiel which contains the air. If! 
expert that the moufe will live a confiderable time, 
I take care to put into the vefiel 'fomething on 
which it may conveniently fit, out of the reach of 
the water. If the air be good, the moufe will 
foon be perfectly at its eafe, having fuffered no¬ 
thing by its palling through the water. If the 
3 air 
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air be fuppofed to be noxious, it will be proper (if 
the operator be defirous of preferving the mice for 
farther ufe) to keep hold of their tails, that they 
may be withdrawn as foon as they begin to fhew 
figns of uneafinefs ; but if the air be thoroughly 
noxious, and the moufe happens to get a full in- 
fpiration, it will be impoffible to do this before it be 
abfolutely irrecoverable. 

In order to keep the mice, I put them into re¬ 
ceivers open at the top and bottom, {landing upon 
plates of tin perforated with many holes, and co¬ 
vered with other plates of the fame kind, held 
down by fufficient weights, as Pl.I. fig. 3, Theft re¬ 
ceivers {land upon a frame of wood , that the frefh 
air may have an opportunity of getting to the bot¬ 
toms of them, and circulating through them. In 
the infide I put a quantity of paper or tow, which 
muft be changed, and the ve/Tel waflied and dried, 
every two or three days. This is moft conveniently 
done by having another receiver, ready cleaned and 
prepared, into which the mice may be transferred 
till die other fhall be cleaned. 

Mice muft be kept in a pretty exa£b temperature, 
for either much lieat or much cold kills them preftntly. 
The place in which I have generally kept them, 
was a foelf over the kitchen fire-place, where, as 
it is ufual in Yorkfliire, the fire never goes out j fo 
that the heat varies very little, and I find it to be, 
V.OL. I, C at 
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at a medium, about 70 degrees of Fahrenheit’s 
thermometer. When they had been made to pafs 
through the water, as they neceflarily muft be in 
order to a change of air, they require, and will bear, 
a *ery confiderable degree of heat, to warm and 
dry them. 

N. B. I found, to my great furprize, irr the courfe of 
thefe experiments, that mice will live intirely with¬ 
out water ; for though I have kept them for three 
or four months, and have offered them water feveral 
times* they would never tafte it j and yet they con¬ 
tinued in perfect health and vigour. Two or three 
of them will live very peaceably together in the fame 
veffel; though I had one inflance of a moufe tearing 
another almoft in pieces, and when there was plenty 
of provifions for both of them. 

In the fame manner in which a moufe is put . into 
a veffel of any kind of air, a plant , or any thing 
elfe, may be put into it, viz. by paffing it through 
the water; and if the plant be of a kind that will 
grow in water only, there will be no occafion to fee 
it in a pot of earth, which will otherwife be neceffary. 

There may appear, at firft fight, fome difficulty 
in opening the mouth of a phial, containing any 
fubftance, lolid or liquid, to which water muft not 
be admitted, in a jar of any kind of air, which i3 
an operation that I have fometimes had recourfe to; 
but this I eafily effed by means of a cork cut tapering 

and 
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and a ftrong wire thruft through it, as in fig. 4, for 
in this form it will fofficiently fit the mouth of any 
phial, and by holding the phial i n one hand, and 
the wire in the other, and plunging both my hands 
m the trough of water, I can eafily convey the phial 
through the water into the jar, which mufl either 
be held by an affiftant, or be fattened by firings, 
with its mouth projecting over the lhelf. When the 
phial is thus conveyed into the jar, the cork may 
eafily be removed, and may alfo be put into it again 
at pleafure, and conveyed the fame way out again. 

When any thing, as a gallipot, &c. is to be fup- 
ported at a confiderable height within ajar, it is con¬ 
venient to have filch wirefiands as are reprefented fig. 
5. They anfwer better than any other, becaufe they 
take up but little room, and may be eafily bended to 
any fhape or height. 

If I have occafion to pour air from a reflel with 
a wide mouth into another with a very narrow one, 
I am obliged to make ufe of a funnel, fig. 6, bu^ 
by this means the operation is exceedingly eafy ; firft 
filling the veflel into which the air is to be conveyed 
with water, and holding the mouth, of it, together 
With the funnel, both under water with one hand, 
while the other is employed in pouring the air; 
which, afcending through the funnel up into the vef¬ 
lel, ’ makes the water defcend, and takes its place. 
Thefe funnels are belt made of glafs, becaufe the air 
being vifible through diem, the quantity of it may 
C 2 be 
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be more eafily eftimated by the eye. It will be 
convenient to have feveral of thefe funnels of different 
fizes. 

In order to expel air from folid fubftances by 
means of heat, I fometimes put them into a gun- 
barrelyPL II. fig. 7, and filling it up with dry land, 
that has been well burned, fo that no air can come 
from it, I lute to the open end the ftem of a tobacco 
pipe, or a fmall glafs tube. Then having put the 
clofed end of the barrel, which contains the mate^ 
rials, into the fire, the generated air, ifiuing through 
the tube, may be received in a veffel of quick- 
filver, with its mouth immerfcd in a bafon of the 
fame, fufpended all together by wires, in the manner 
defcribed in the figure, or refting on a folid fupport: 
any other fluid fubftance may be ufed inllead of 
quickfilver. 

But the moil accurate method of procuring air 
from feveral fubftances, by means of heat, is to put 
them, if they will bear it, into phials, fuch as a, a y 
PL IV. full of quickfilver, with their mouths im- 
merfed in die fame, and then throwing die focus 
of a burning'mirror upon them. For diis purpofe 
the phials fhould be made with their bottoms round, 
and very thin, that they may not be liable to break 
with a pretty fudden application of heat. 

If I want to expel air from any liquid, I nearly 
fill a phial with it, and having a cork perforated, I 
put through it, and fecure- with cement, a glafs 

tube 
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tube, bended in the manner reprefentedat * PI. I. fig. i. 
I then put the phial into a kettle of water, which I fet 
upon the fire and make to boil. The air expelled 
by the heat, from the liquor contained in the phial, 
iffiies through the tube, and is received in a bafon 
of quickfilver. Inftead of this fufpended bafon, 
I fometimes content myfelf with tying a flac¬ 
cid bladder to the end of the tube, in both thefe pre¬ 
cedes, that it may receive the newly generated air. 

I would obferve, with refped to this procefs, 
and every other in which veflels are to be filled 
with quickfilver, and then to be placed inverted in 
bafons of the fame, that no operation is eafier (un- 
lefs the mouth of the veflel be exceedingly wide) 
when the mouth of it is covered with foft leather, 
and, if neceflary, tied on with a ftring, before it be 
turned upfide down ; and the leatlier may be drawn 
from under it when it is plunged in the quickfilver. 
If the mouths of the veffels be very narrow, it will 
be fufficient, and moft convenient, to cover them 
with the end of one’s finger. 

But if the air, difengaged from any fubftance, 
will be attra&ed by mercury, as is the cafe with all 
thofe which contain the nitrous acid, this procefs 
cannot be ufed, and recourfe muft be had to the 
vacuum ; and for this purpofe it is neceflary that 
the operator be provided with receivers made very 
thin, on purpofe for theie experiments. Such as 
C 3 are 
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are commonly ufed for other experiments are much 
too thick for this purpofe, being very liable to break 
with the application of the heat produced by the 
burning lens. In this procefs, care fhould be taken 
to place the materials on glafs, a piece of crucible, 
or fome other fubftance that is known to yield no 
air by heat. 

The figure, b PI. IV. reprefents a common glafs phial 
with a ground ftopper, with many fmall holes in it, 
which was a happy contrivance of my ingenious pupil 
and fiiend Mr. Benjamin Vaughan. It is of excellent 
ufe to convey any liquid, or even any kind of air, 
contained in it, through the water, into a jar (land¬ 
ing with its mouth inverted in it, without admitting 
any mixture of the common air, or even of the 
water; and yet the air generated within it has a 
fufficient out-let. Thefe phials will be found ufe- 
ful in a great variety of experiments. 

The figure c } reprefents a phial of the fame form 
with a- t but the neck is thicker, in order to be fitted 
wkh a ground ftopper, perforated, and drawn out 
into a tube, to be ufed inftead of the phial e, 
PI. I. Till I hit upon this contrivance, which 
was executed for me by the direction of Mr. Parker, 
I had a great deal pf trouble in perforating common 
corks, bending and fitting tubes to them; and, after 
all, the corks themfelves, or the cement, with which 
J generally found it convenient to cover the ends 0/ 

the 
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the tubes, were apt to give way, and to be the occa- 
fion of very difagreeable accidents. Befides, if any 
hot acid was ufed, the vapour would corrode the 
cork, and an allowance was to be made for the 
effedt of that circumftance on the air: whereas, with 
this apparatus, which is exceedingly convenient and 
elegant, the operator may be fure that nothing but 
glafs is contiguous to the materials he works upon, 
as he can perfectly exclude every other foreign in¬ 
fluence; and while it remains unbroken, it is never 
out of repair, or unfit for ufe. 

For many purpofes, however, the former method, 
with corks and tubes, will be found very fufficient, 
and much lefs expenfive; efpecially with the Jluor 
acid, which corrodes glafs, and which will prefently 
eat through one of thefe delicate phials. For this 
purpole, therefore, I would recommend the ufe of 
a common and very thick phial, efpecially as no 
great degree of heat, and never any fudden applica¬ 
tion of heat, is wanted. 

I he phial c, will be found fufficient for any pur- 
pofe that does not require more heat than the flame 
of a candle held ciofe to the bottom of it, can fup- 
ply: but if there be occafion to place the phial in a 
fand-heat, and confequently if it muft be put into a 
crucible placed on the fire, it will be neceflary to 
have the tube, in which the ground ftopper termi¬ 
nates, made as long as may be, as reprelented by e\ 
£ ^ others 
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othervviie the veflels that receive die air will be too 
near the fire. Nine or twelve inches, however, will 
be a fiifhcient length for any purpofe. 

I have great reafbn to congratulate rnyfelf on this 
apparatus, having found it to be of moft admirable 
ufe. For, in experiments with air, where the great- 
eft pofiible accuracy is required, lutes are by no 
means to be trufted, fince a variety of vapours, 
coming into contact with them, are confiderably 
afFedtedj whereas theft ftoppcrs being ground air-¬ 
tight, the operator may be perfectly at eafe, both 
with refpeft to the quantity and the quality of his 
produce. To exprefs this procefs as concifely as 
poffible, I generally allude to it, by faying that the 
phials have ground ftoppcrs and tubes. 

In experiments in which it is not worth while to 
be at the expence of thefe phials with ground (top¬ 
pers and tubes, and yet where gun-barrels cannot 
be trufted to, on account of the materials corroding 
the iron, I have recourfe to a kind of long phial, or 
a tube made narrower at the open end, nine or 
twelve inches in length, and of an equal thicknefs 
throughout, repreftnted PI. IV. fig. d. When thefe 
phials are put into a crucible with fand, the bottom 
may be made red-hot, while the top is fo Cool, that a 
common cork (into which a glafs tube is inferted) 
will not be affedted by the heat. In fa&, this veftel 
is a kind of a gun-barrel made of glafs, and is ufed 
j exactly 
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exa< 5 tly like the gun-barrel, except that it is not ex- 
pofed to fo great a degree of heat. 

When the materials are put into this veffel, it 
mult be filled up to the mouth with fine fand, that 
will give no air by the application of heat, and the 
cork muft be thrufl down clofe upon the fand. 
The air muft ”be received as in plate 2. fig. 7. 
Thefe glafs vefiels, however, will not bear a great 
degree of heat, and therefore by applying to Mr. 
Wedgwood (who is as great, and generous a friend 
of Jcience , as he is diftinguifhed by the wonderful 
improvements he has made on his own beautiful art) 
I got earthen tubes and retorts , which will bear any 
degree of heat, and being glazed, or not, as the oc- 
cafion requires, I have found them of the molt 
extenfive ufe in my experiments. 

When a perfon has a great many trials to make 
of the goodnefs of air, it is of no fmall importance 
to have contrivances by which he may fave time. 
Having, particularly, had frequent occafion to mea¬ 
sure the purity of air by means of nitrous air, in 
which it is fometimes necefiary to put feveral mea- 
fures of one kind to one mealure of the other; and 
being wearied with taking all the meafures feparate* 
ly, at length I hit upon the very ufeful expedient 
of having the meafures ready made, confining of 
vefiels, the capacities of which had a known pro¬ 
portion to each other, as/,/,/, PI, IV. each vefiei 
holding twice as much as the fize next left than it. 

I found 
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I found it like wife convenient to have the vefiels in 
which the mixture of air is made, fig. g, marked in 
a manner correfponding to thefe phials, that the 
diminution of the air may be perceived at once, 
without the application of any meafiire. If one of 
thefe phials contain an ounce-meafure, and the reft 
be multiplies and fubdiviftons of it, it will be ftill 
more convenient. 

There is a great variety of methods of mixing 
nitrous and common air, in order to afcertain the 
purity of the latter. But the manner in which I 
have now long been accuftomed to perform that 
operation is ftill more ftmple, though it has nothing 
to boaft of with refpeft to ingenuity. It is necef- 
fary to defcribe it, becaufe it is referred to through 
the greater part of this work, 

I firft provide a phial, containing about an ounce 
of water, which I call the air meajure . This I fill 
with air by having firft filled it with water, and placed 
it over the opening of the funnel in my Ihelf; and 
when it is filled I Aide it along the Ihelf, alwa/s 
obferving that there be a litde more air than I want. 
The phial being thus exactly filled with the air 
which I am about to examine, and care being taken 
that it be not warmed by holding in the hand, &c. 

I empty it into a jar about an inch and an half in 
diameter, and then introduce to it the fame meafure 
of nitrous air, and let them continue together about 
two minutes. I chufe to have an overplus of 
4 nitrous 
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nitrous air, that I may be f ure to have phlogifton 
enough to faturate all the common air. If I find 
the diminution with thefe meafures to be very con- 
fiderable, I introduce another meafure of nitrous air; 
but the pureft dephlogifticated air wifi not> j believe,' 
require more than two equal meafures of nitrous air! 

Sometimes I leave the common and nitrous air 
in the jar all night, or a whole day; but always 
take care that, whatever kinds of air I be comparing 
together, they remain the fame fpace of time be¬ 
fore I proceed to note the degree of diminution. 
If the two kinds of air be agitated on coming into 
contact with each other, the diminution will be 
much greater j and therefore this circumftance 
fhould always be exprefied. 

When the preceding part of the procefs is over, 
I transfer the air into a glals tube, about two feet 
l°ng, and one third of an inch wide, carefully gra¬ 
duated according to the air-meafure, and divided 
into tenths and hundred parts ; fo that one of the 
latter will be about a fixth or an eighth of an inch 
Then immerfing the tube in a trough of water, fo 
that the water in the iniide of the tube fhall be on a 
level with the water on the outfide, I obferve the 
fpace occupied by them both, and exprefs the refult 
in meafures , and decimal parts of a meafure , accord¬ 
ing to the graduation of the tube. 

It is fome trouble to graduate a tube in this man¬ 
ner i but when it is once done, the application of it 
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is extremely eafy. As it will feldom happen that 
a glafs tube is of an equal diameter throughout, I 
generally fill that part of the tube which contains 
one meafure, with quickfilver, and then weighing it, 
and dividing it into ten parts, put them in feparately, 
in order to mark the primary divifions. This 
operation is performed very readily by having a 
glafs tube drawn out to a fine orifice, in order to 
take up a fmall quantity of quickfilver at a time, 
as it may be wanted. 

Meafuring the purity of refpirable air ,-1 mix with 
if an equal quantity of nitrous air, or if it be 
highly dephlogifticated, two equal quantities of 
nitrous air, which is always particularly mentioned 
in the courfe of this work: after this I transfer the 
mixture into a graduated tube. Confequently a lefs 
number in the refult is always an indication of greater 
purity. This number, in order to be as concife as 
poflible, I have in this work termed the meafure of 
the teft , or the fiandard of the air. Thus, if when 
I mix two equal quantities of common air and 
nitrous air, they afterwards occupy the fpace of one 
meafure, and two tenths of a meafure, I fay the 
neafttres of the teft were 1.2. or the ftandard of the 
air was 1. 2 . 

If the quantity of the air, the goodnefs of which 
I wanted to afeertain, was exceedingly frnall, fo as 
to be contained in a part of a glafs tube, out of 
which water will not run fpontaneoufly, I for, 

merly 
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merly had recourfe to the following method; I 
firft meafured with a pair of compaffes the length of 
the column of air in the tube, the remaining part 
being filled with water, and laid i t down upon a 
fc4e j and then, thrufting a wire of a proper thick, 
nefs, into the tube, I contrived, by means of a 
thin plate of iron, bent to a lharp angle, to draw ir 
out again, when the whole of this little apparatus 
was introduced through the water into a jar of nitrous 
air; and the wire being drawn out, the air from the 
jar muft fupply its place. I then meafured the 
length of this column of nitrous air which I had got 
into the tube, and laid it alfo down upon the lcale, 
fo as to know the exad length of both the columns. 
After this, holding the tube under water, with a 
fmall wire 1 forced the two feparate columns of air 
into contact; and when they have been a fufficient 
time together, I meafured the length of the whole, 
and compared it with the length of both die columns 
taken before. But I now have tubes, made 
very fmall for this purpofc, and a longer tube, 
graduated in proportion, which I ufe as I do the 
larger veffels when the quantity of air is fufr 
ficient. 

In experiments on thofe kinds of air which are 
readily imbibed by water, I often make ule of quick- 
filver, in the manner reprefented PI II. fig. 8, in 
which a is the bafon of quickfilver, b a glafs vefiel 


con- 
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containing quickfilver, with its ihouth immerfed in 
it, c a phial containing the ingredients from which 
the air is to be produced, and d is a fmall recipient, 
or glafs vefiel defigned to receive and intercept any 
liquor that may be difcharged along with the air, 
which is to be tranfmitted free from any moifture 
into the vefiel b. If there be no apprehenfion of 
moifture, I make ufe of the glafs tube only, without 
any recipient, in the manner reprefented e PI. I. 
In order to invert the vefiel b, I ftrft fill it with 
quickfilver, and then carefully cover the mouth of 
it with a piece of foft leather; after which it may 
be turned upfide down without any danger of ad-* 
mitting the air, and the leather may be withdrawn 
when it is plunged in the quickfilver. 

In order to generate air by the folution of metals, 
or any procefs of a fimilar nature, I put the materials 
into a phial, prepared in the manner reprefented at e 
PI. I. and put the end of the glafs tube under the 
mouth of any vefiel into which I want to convey 
the air. If heat be neceflary I can eafily apply to 
it a candle, or a red hot poker while it hangs in 
this pofition. 

When I have occafion to transfer air from a jar 
ftanding in the trough of water to a vefiel Handing 
in quickfilver, or in any other fituation whatever, 

I make ufe of the contrivance reprefented Ph I. fig. 9, 
which confifts of a bladder, furnifhed at one end 

with 
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with a fmall glafs tube bended, and at the other 
with a cork, perforated fo as juft to a j m i t ^ fmall 
end of a funnel. When the common air is care- 
folly prefled out of this bladder, and the funnel is 
thruft tightly into the cork, it may be filled with 
any kind of air as eafily as a glafs jar j and then a 
firing being tied above the cork in which the fimnej 
is inferted, and the orifice in the other cork clofed, 
by prefling the bladder againft it, it may be carried 
to any place, and if the tube be carefully wiped, the 
air may be conveyed quite free from moilture 
through a body of quickfilver, or any thing elfe. 
A little practice will make this very ufeful manoeuvre 
perfedly eafy and accurate. But I find it more 
convenient to have a fmall brajs cock , to thrufl into 
the cork, through which the air is introduced into 
the bladder. 

In order to impregnate fluids with any kind of 
air, as water with fixed air, I fill a phial with the 
fluid,iargerorlefsas I haveoccafion(as*Pl.I. fig IO ) 
and then, inverting it, place it with its mouth down¬ 
wards, in a bowl b, containing a quantity of the fame 
fluid; and having filled the bladder, fig. 9 , with 
the air, I throw as much of it as I think proper 
into the phial, in the manner deferibed above. To 
accelerate die impregnation, I lay my hand on die 
top of the phial, and fhake it as much as I think 
proper. 


If, 
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If, without having any air previoufly generated, 

I would convey it into the fluid immediately as it 
arifes from the proper materials, I keep the fame 
bladder in connexion with a phial c fig. io, con¬ 
taining the fame materials (as chalk, fait of tartar, or 
pearl allies in diluted oil of vitriol, for the genera¬ 
tion of fixed air) and taking care (left, in the a£fc of 
effervefcence, any of the materials in the phials 
Ihould get into the veflel a) to place this phial on 
a ftand lower than that on which the bafon was 
placed, I prefs out the newly generated air, and 
make it afcend directly into the fluid. For this 
purpofe, and that I may more conveniently (hake 
the phial c, which is necefiary in fome procefles, 
efpecially with chalk and oil of vitriol, I fometimes 
make ule of a flexible leathern tube d, and fome- 
times only a glafs tube. For if the bladder be of 
a fufficient length, it will give room for the agita¬ 
tion of the phial; or if not, it is eafy to connect 
two bladders togedier by means of a perforated 
cork, to which they may both be faftened. 

When I want to try whether any kind of air 
will admit a candle to burn in it, I make ufe of a 
cylindrical glafs veflel, PI. I. fig. 11, and a bit of wax 
candle a fig. 12, faftened to the end of a wire b, 
and turned up, in fuch a manner as to be let down 
into the veffel with the flame upwards. The veflel 
Ihould be kept carefully covered till the moment 

that 
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that the candle is admitted. In this manner I have 
frequently extinguittied a candle more than twenty 
times fuccefiively, in a vefiel of this kind, though 
it is impcflible to dip the candle into it without 
giving the external air an opportunity of mixing 
widi die air in the infide more or lefs. The can¬ 
dle at the other end of the wire is very conveni¬ 
ent for holding under a jar Handing in water, in 
order to burn as long as the inclofed air can fupply 
it j for the moment that it is extinguifhed, it may 
be drawn through the water, before any fmoke can 
have mixed with the air. 

In order to draw air out of a vefiel which has 
its mouth immerfed in water, and thereby to raife 
the water to whatever height may be necefiary, it 
is very convenient to make ufe of a glafs Jyphon, 
putting one of the legs up into the vefiel, and 
drawing the air out at the other end by the 
mouth. If the air be of a noxious quality, it may 
be necefiary to have a fyringe fattened to the fyphon, 
the manner of which needs no explanation. I have 
not thought it fafe to depend upon a valve at the 
top of the vefiel, which Dr. Hales fometimes 
made ufe of. 

If, however, a very fmall hole be made at the top 
of a glafs vefiel, it may be filled to any height by 
holding it under water, while the air is ifiiiingout at the 
holej which may then be clofed with wax or cement. 
Vol* I t D If 
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If the generated air will neither be abforded by 
water, nor diminilh common air, it may be con¬ 
venient to put part of the materials into a cup, 
fupported by a Hand, and the other part into a 
fmall glafs veflel, placed on the edge of it, as at 
f PI. I. fig. i. Then having, by means of a fyphon, 
drawn the air to a convenient height, the fmall 
glafs veflel may be eafily pulhed into the cup, by 
a wire introduced through the water; or it may 
be contrived, in a variety of ways, to dif- 
charge the contents of the fmall veflel into the 
larger. The diftance between the boundary of air 
and water, before and after the operation, will fiiew 
the quantity of the generated air. The effedt of 
procefies that diminijh air may alfo be tried by the 
fame apparatus. 

When I want to admit a particular kind of air 
to any thing that will not bear wetting, and yet 
cannot be conveniently put into a phial, and efpe- 
cially if it be in the form of a powder, and mull 
be placed upon a ftand (as in thofe experiments 
in which the focus of a burning mirror is to be 
thrown upon it) I firft exhauft a receiver, in which 
it is previoufly placed; and having .a glafs tube, 
bended for the purpofe, as in PI. II. fig- x 4 > I 
fcrew it to the item of a transfer of the air-pump 
on which the receiver had been exhaufted, and 
introducing it through the water into a jar of that 
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kind of air with which I would fill the receiver, 
I only turn the cock, and I gain my purpofe. In 
this method, however, unlefs the pump be very 
good, and feveral contrivances, too minute to be 
particularly defcribed, be made ufe of, a good 
deal of common air will get into the receiver. 

In order to take the electric fpark in a quantity 
of any kind of air, which muft be very fmall, to 
produce a fenfible effed upon it, in a ftiort time, 
by means of a common machine, I put a piece of 
wire into the end of a fmall tube, and fallen it with 
hot cement, as in PI. II. fig. 16 ; and having got the 
air I want into the tube, I place it inverted in a bafon 
containing either quickfilver, or any other fluid 
fubftance by which I chufe to have the air con¬ 
fined. I then, by the help of the air-pump, drive 
out as much of the air as I think convenient, ad¬ 
mitting the quickfilver, &c. to it, as at a, and 
putting a brafs ball on the end of the wire, I take 
the fparks or fhocks upon it, and thereby tranf- 
mit them through the air to the liquor in the 
tube* 

To take the eledric fparks in any kind of fluid, 
as oil, &c. I ufe the fame apparatus defcribed 
above, and having poured into the tube as much 
of the fluid as I conjedure I can make the eled. ic 
fparkpafs through, I fill the reft with quickfilver; 
and placing it inverted in a bafon of quickfilver, 
I take the fparks as before, 

D 2, 
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If air be generated very faft by this procefs, 
I ufe a tube that is narrow at the top, and 
grows wider below, as fig. 17, that the quickfilver 
may not recede too foon beyond the ftriking dif- 
tance. 

Sometimes I have uled a different apparatus for 
this purpofe, reprefented fig. 18. Taking a pretty 
wide glafs tube, hermetically fealed at the upper 
end, and open below; at about an inch, or at 
what diftance I think convenient from the top, I 
get two holes made in it, oppofite to each other. 
Through thefe I put two wires, and fattening them 
with warm cement, I fix them at what diftance I 
pleafe from each other. Between thefe wires I 
take the fparks, and the bubbles of air rife, as 
they are formed, to the top of the tube. 

I have found it very convenient to have a number 
of glafs vejfels, fuch as reprefented PI. V. fig. 2, for 
the purpofe of making a quantity of air pafs through 
a body of water, or any kind of fluid, or any fub- 
ftance in the form of powder; the air entering by 
the tube which goes to the bottom of the veflel, 
and being delivered by that which is inferred only at 
the top. I alfo found it neceflary to have thefe vef- 
fels of various fizes, the largeft containing about a 
pint, and the fmalleft about half an ounce meafure of 
water. The larger end of this veflel I have generally 
clofed with a cork, and cement; but I fometimes 
found it neceflary to have this part alfo of glafs, 

with 
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with only two fmall perforations, for the infertion of 
glafs tubes. 

I have frequently had occafion to make ufe of a 
great number of thefe veftels at the fame time, fo 
difpofed, as that the fame air might pafs through 
them all in fuccefiion, in the manner reprefented, 
% 3 - 

In fome cafes, however, I found it necelfary to 
exclude all cement, and every kind of luting, from 
an apparatus of this kind; having had all the glafs 
tubes fitted to their feveral holes by grinding. But 
this makes the apparatus very expenfive, and elped- 
ally the repairs of it. 

Annexed to the laft-mentioned apparatus, is a 
long phial, a fig. 3, with a tube fitted to it by grind¬ 
ing, and bent, fo as to difcharge the air, or vapour, 
ifilling from it, downwards. This kind of phial I 
have generally uled for my experiments with nitrous 
vapour. The phial is deep, in order to admit a 
fudden and violent effervefcence without the danger 
of the liquor being thrown over, and the tube fiiould 
be long enough, to go to the bottom of any vefiel 
in which die vapour is to be delivered 
In diddling fpirit of nitre, I have generally made ufe 
of the apparatus reprefented PI. V. fig. 4, which was 
invented by Mr. Woulfe, confiding of a retort a, an 
adopter, if neceffary, h, and a receiver c, with two 
orifices; one d, for the difcharge of the diddled acid, 
D 3 and 
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and the other e y to ferve as an outlet for the fuper- 
abundant vapour j which, patting through the glafs 
tube/, may impregnate the water in the bafon g. 

PI. III. fig. reprefents a cylindrical vejfel made of 
tin, inclofing another of iron wire. In the outer veflel 
a charcoal fire may be made, furrounding the inner 
cylinder, which, being open at the bottom, will 
admit the upper part of a glafs jar, fupported in 
whatever manner the operator may find molt con¬ 
venient. Thus a jar, with the air, &c. contained 
in it, may be heated as much as the glafs will bear, 
without giving more heat than is necettary to the 
lower part of it. In this manner alio, an equal de¬ 
gree of heat may be given to every fide of the upper 
part of the glafs. 

PI. III. fig. 5, explains the manner in which I make 
an electrical explofion pafs through any fubftance in 
the form of vapour. It reprefents a glafs fyphon, 
in each leg of which is an iron wire, of fuch a length, 
that there (hall only be about half an inch between 
the heads of them. The fyphon mull be filled 
with mercury, and each of the legs inferted in fepa- 
rate bafons, alfo containing mercury. After this, 
the fubftance may be introduced into the fyphon by 
means of a glafs tube, and, being lighter, it will 
take its place in the bend of the fyphon; which 
may then be placed near the opening of a fmall fur¬ 
nace, or in the apparatus deferibed fig. 3, when what¬ 
ever 
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ever lodges in the upper part of the fyphon will be 
converted into vapour, and the explofion will be 
made in it by making the fyphon part of an electri¬ 
cal circuit. Mercury itfelf may be converted into 
vapour in the fame manner. 

It may be worth while to give a fhort account of 
the earthen jar , in which I made many of the ex¬ 
periments on the growth of plants in different kinds 
of air, recited in this volume; and a bare infpection 
of PI. VI. fig. i, will be almoft fufficieht for this 
purpofe. 

The jar was about eighteen inches in diameter at 
the top, and of the fame depth. It was placed in 
an open expofure in the garden, and fticks were 
thruft into the earth in a perpendicular pofition, 
quite round it; and to thefe fticks glafs jars, filled 
with water, with their mouths inverted in the water 
of the earthen jar, were faftened by firings. After 
I had introduced into one of thefe jars any particular 
kind of air, I afterwards drew through die water, 
and put into it, any plant, the top and leaves of 
which I wifhed to expofe to it; fupporting the root 
or ftalk at a proper height in the earthen jar, if I 
found that any fuch fupport was neceffary. In fome 
cafes it will be found that the top of the plant was in 
one jar, and the root or ftalk in another i which it 
was not at all difficult to do. 

D 4 
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PI. VI. fig. 2, reprefents the inftiument by which I 
endeavoured to afcertain the conducing power of dif¬ 
ferent kinds of air with refped to heat. It confifts 
of a glafs bulb open at both ends, fo that I could ea- 
fily fallen a thermometer with its bulb in the center 
of it, where it would be furrounded by any kind of 
air, introduced into it after it had been previoufly 
filled with mercury. The manner in which the ex¬ 
periments were made is fufficiendy defcribed in the 
account of them. 

PI. VII. fig. i, is a view of the apparatus with 
which the principal experiments relating to the feem- 
ing converfion of water into air were made. It 
confifts of an earthen vejfel , the bulb of which, con¬ 
taining moiltened clay, is fixed in the infide of a 
glafs vejfel , through which the heat of a burning lens 
may be thrown upon it; while the infide has a com¬ 
munication with a bafon of water, or mercury, in 
which vefifels may be placed to receive the air that 
is forced through the body of the earthen velfel j 
while the water, or mercury, in the bafon in which 
the glafs velfel Hands, riles within it, to fupply the 
place of that air. 

PI. VII. fig. 2, Ihews the difpofition of the apparatus 
by which fteam is tranfmitted through a red-hot tube, 
containing iron, &c. with a worm tub to colled: the 
fuperfluous water, &c. and a veflel to receive the 

air 
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air that is produced. This vefiel is here drawn 
veiy fmall, that it might not take up much room 
in the platej but I have generally ufed a large 
trough for this purpofe, and jars of confiderable 
fize to receive the air. Inftead of the fmall furnace 
to heat the water, &c. I now ufe one of Mr. Ar- 
gand's lamps, which is, on fevcral accounts, a very 
valuable addition to a chemical apparatus. Fig. 6, 
represents the mediod of receiving' the air in this 
procefs under a funnel, fixed in a trough of water, 
which may be ufed when .large balloons are filled, 
and when no account is taken of any water that is 
condenfedin the procefs. 

Fig. 4, reprefents a largeglafs balloon, in which 
inflammable air, ifluing from the orifice of a fmall 
tube, burns like a candle, while the water produced 
by the procefs is collected in the infide of it. 

Fig. 5, reprefents a firong cylindrical glafs vefi. 
fel, in which inflammable and dephlogifticated air 
may be fired. It is furnifhed with a wooden cap, 
firmly cemented to the open end of it, and clofed 
with a fcrew, and two iron wires are inferted at the 
top of it, between which an ele&ric fpark can be 
taken. 
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H E weights mentioned in the courfe of this trea- 
tife are Troy, and what is called an ounce 
meafure of air, is the Jpace occupied by an ounce weight 
of water, which is equal to 480 grains, and is, 
therefore, almoft two cubic inches of water j for one 
cubic inch weighs 254 grains. Having fometimes ufed 
the penny-weight, it may be necejfary to acquaint Fo¬ 
reigners y that 24 grains are a penny-weight, that 20 
of fuch penny-weights make an ounce, and 12 ounces a 
pound. 


‘The fame ounce 'Troy, is, by Apothecaries, divided 
into eight drams, each dram into three[cruples, tmd 
the fcruple into twenty grains . 



BOOK I. 

OBSERVATIONS AND EXPER tMENXS RE _ 
LATING TO FIXED AIR. 


PART I. 

OF TtfE RELATION OF FIXED AIR TO WATER. 


SECTION I. 

Of the impregnation of water with fixed air. 

I T was in confequence of living for fome time in 
the neighbourhood of a public brewery a little 
after Midfummer in 1767, that I was induced to 
make experiments on fixed air, of which there is 
always a large body, ready formed, on the furface 
of the ermenting liquor, generally about nine inches, 
or a foot, in depth, within which any kind of fob- 
ftance may be very conveniently placed; and though, 
in th.efe circumftances, the fixed air mull be conti¬ 
nually mixing with the common air, and is there¬ 
fore 
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fore far from being perfe£tly pure, yet there is a 
conftant frefh fupply from the fermenting liquor, 
and it is pure enough for many purpofes. 

A perfon, who is quite a ftranger to the properties of 
this kind of air, would be agreeably amufed withextin- 
guilhing lighted candles, or chips of wood in it, as 
it lies upon the furface of the fermenting liquor. For 
the fmoke readily unites with this kind of air, pro¬ 
bably by means of the water which it contains ; fo 
that very little or none- of the fmoke will efcape into 
the open air, which is incumbent upon it. It is re¬ 
markable, that the upper furface of this fmoke, 
floating in the fixed air, is fmooth, and well defined ; 
whereas the lower furface is exceedingly ragged, fe- 
veral parts hanging down to a confiderable diftance 
within the body of the fixed air, and fometimes in 
the form of balls, connected to the upper ftratum 
by (lender threads, as if they were fufpended. The 
fmoke is alfo apt to form itfelf into broad flakes, 
parallel to the furface of the liquor, and at different 
diftances from it, exactly like clouds. Thefe ap¬ 
pearances will fometimes continue above an hour, 
with very little variation. When this fixed air is 
very ftrong, the fmoke of a fmall quantity of gun- 
• powder fired in it will be wholly retained by it, no 
part efcaping into the common air. 

Making an agitation in this air, the furface of it 
(which {till continues to beexa&ly defined) is thrown 

into 


45 


Seft. I* observations on fixed air. 

into the form of waves, which is very amufing to 
look upon ; and if, by this agitation, any of the 
fixed air be thrown over the fide of the veflel, the 
fmoke, which is mixed with it, w ;u f a y to t }„- 
ground, as if it was fo much water, the fixed air 
being heavier than common air. 

Fixed air does not inftantly mix with common air. 
Indeed if it did, it could not be caught upon the 
furface of the fermenting liquor. A candle put under 
a large receiver, and immediately plunged very deep 
below the furface of the fixed air, will burn fome time. 
But veflels with the fmalleft orifices, hanging with their 
mouths downwards in the fixed air, will in time have 
the common air, which they contain, perfectly mix¬ 
ed with it. When the fermenting liquor is con¬ 
tained in vefiels clofe covered up, the fixed air, on 
removing the cover, readily affeCts the common air 
which is contiguous to it; fo that, candles held at 
a confiderable diftance above the furface will inftantly 
go out. I have been told by the workmen, that 
this will fometimes be the cafe, when the candies 
are held two feet above the mouth of the veftel. 

b Iced air unites with the fmoke of rofin, fulphur, 
and other eleCtrical fubftances, as wel} as with the 
vapour of water. 

I aifo held fome oil of vitriol in a glafs veflel 
widiin the fixed air, and by plunging a piece of red- 
hot glafs into it, raifed a copious and thick fume. 

2 This 
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This floated upon the furface of the fixed air like 
other fumes, and continued as long. 

Confldering the near affinity between water and 
fixed air, I concluded that if a quantity of water 
was placed near the yeafl: of the fermenting liquor, 
it could not fail to imbibe that air, and thereby ac¬ 
quire the principal properties of Pyrmont, and fome 
other medicinal mineral waters. Accordingly, I 
found, that when the furface of the water was con- 
fiderable, it always acquired the pleafant acidulous 
tafte that Pyrmont water has. The readied: way of 
impregnating water with this virtue, in thefe cir¬ 
cumstances, is to take two vefiels, and to keep 
pouring the water from one into the other, when 
they are both of them held as near the yeaft as pof- 
fible; for by this means a great quantity of furface 
is expofed to the air, and the furface is alfo conti¬ 
nually changing. In this manner, I have fome- 
times, in the fpace of two or three minutes, made a 
glaf, of exceedingly pleafant fparkling water, which 
could hardly be diftinguifhed from very good Pyr¬ 
mont, or rather Seltzer water. 

One would naturally think, that having a&ually 
impregnated common water with fixed °air, pro¬ 
duced in a brewery, I fhould immediately have fet 
about .doing the fame thing with air let loofe from 
chalk, &c, by fome of the ftronger acids. But, 
eafy as the practice proved to be, no method of 

doing 
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doing it at that time occurred to me. I ftill con¬ 
tinued to make my Pyrmont water in the manner 
above mentioned till I left that fiction, which was 
about the end of the fummer 1768 ; and from that 
time, being engaged in other fimilar purfuits, I 
made no more of the Pyrmont water till the fprincr 
of the year 1772. ^ ° 

In the mean time I had acquainted all my friends 
with what I had done, and frequendy exprefled my 
wifhes that perfons who had the care of large difiiU 
levies (where I was told that fermentation was much 
ftronger than in common breweries) would contrive 
to have veflels of water fufpended within the fixed air 
which they produced, with a farther contrivance for 
agitating the furface of the water; as I did not 
doubt but that, by this means, they might, with 
little or no expence, make great quantities of Pyr- 
mont water; by which they might at the fame time 
both ferve the public, and benefit themfelves. For 
I never had the moft diftant thought of makino- any 
advantage of the fcheme myfelf. ° 1 

In , aU thls ri me, viz. from 1767 to 1772, I ne-. 
ver ear o any method of impregnating water 
with nxe air but that above mentioned. My think¬ 
ing at all of reducing to pra£iice any method of 
effecting this, by air difiodged from chalk, and other 
calcareous fubftances, was occafioned by my hear¬ 
ing of Dr. Irving’s method of diddling fea water 

for 
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for the ufe of the navy. For it occurred to me, that 
if feamen could be taught a method of impregnating 
that or any other water with fixed air, it might be 
farther ufeful to prevent, or to cure the fea fcurvy, 
going upon Dr. Macbride’s idea of fixed air being 
an antifeptic. 

Mentioning this fcheme to Sir George Saville, 
he introduced me to Lord Sandwich, then at the 
head of the admiralty, who procured an order for 
the college of phyficians to examine it. As they 
were pleafed to recommend the trial of it, I drew 
up an account of the method which I had then de- 
vifed, in a fmall pamphlet; the fubftance of which, 
as it is no longer publiihed feparately, I infert here. 

Directions for impregnating water with fixed air. 

If water be only in contadl with fixed air, it will 
begin to imbibe it, but the mixture is greatly acce¬ 
lerated by agitation, which is continually bringing 
frefh particles of air and water into contact. All 
that is necefiary, therefore, to make this procefs ex¬ 
peditious and effectual, is firft to procure a fufficient 
quantity of this fixed air, and then to contrive a 
method by which the .air and water may be ftrongly 
agitated in the fame vefiel, without any danger of ad¬ 
mitting the common air to them i and this is eafily done 
by firft filling any vefiel with water, and introducing 

the 
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the fixed air to it, while it Hands inverted in another 
vefiel of water. 

Take therefore a glafs vefiel, a , p]. VIII. fio-. i. 
with a pretty narrow neck, but fo formed, that it 
will Ifcrnd upright with its mouth downwards (or it 
may be fupported as in PI. III. fig. 3) and having 
filled it with water, lay a flip of clean paper, or thin 
pafteboard upon it. Then, if they be prefied dole 
together, the vefiel may be turned upfide down, 
without danger of admitting common air into it; 
and when it is thus inverted* it mtift be placed in 
another vefiel, in the form of a bowl or bafon, b y 
with a little water in it, fo much as to permit the 
flip of paper or pafteboard to be withdrawn, and the 
end of the pipe c to be introduced. 

This pipe muft be flexible, and air-tight, for which 
purpofe it is, I believe, bell made of leather, lewed 
with a waxed thread, in the manner ufed by Ihoe- 
makers. Into each end of this pipe a piece of a 
quill, or tube of tinned iron, Ihould be thruft, to 
keep them open, while one of them is introduced 
into the vefiel of water, and the other into a cork, 
which muft be perforated, and fitted to a vefTel e, 
two thirds of which Ihould be filled with chalk, or 
pounded marble, well covered with water. 

Things being thus prepared, and the vefiel con¬ 
taining the chalk and water being detached from 
the vefiel of water, pour a little oil of vitriol upon 
the chalk and water, and put the cork into the 

V °l. I, E bottle 
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bottle a little time after the eftervefcence has be-» 
gun; and then introduce the end of the pipe into 
the mouth of the veffel of water, as in the drawing, 
and, if neceffary, agitate the chalk and water brifk- 
ly. This will prefenriy produce a confiderable 
quantity of fixed air, which will force its way 
through the pipe, and afcend into the veffel of 
water, the water at the fame time defending, and 
coming into the bafon. 

When about one half of the water is forced out, 
let the operator lay fiis hand upon the uppermoft 
part of the veffeh and lhake it as brifkly as he can, 
and in a few minutes the water will abforb the 
air; and taking its place, will nearly fill the veflel 
as at the firft. Then fhake the phial containing 
the chalk and water again, and force more air in¬ 
to the veffel, till, upon the whole, about an equal 
bulk of air has been thrown into it. Alfo fhake 
the water as before,, till no more of the air can be 
imbibed. As foon as this is perceived to be the 
cafe, the water is ready for ufe; and if it be not 
ufed immediately, fhould be put into a bottle as foon 
as pofiibk, well corked, and cemented. It will 
keep, however, very well, if the botde be'only well 
corked, and kept with the mouth downwards. 

In general, the whole procefs does not take up 
more than about a quarter of an hour, the agitation 
not five minutes; and in nearly the fame time 
might a veffel of water, containing two or three 

gallons. 
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gallons, or indeed any quantity that a perfon could 
well ffiake, be impregnated with fixed air, if the 
phial containing the chalk and oil of vitriol, be 
larger in the fame proportion. 

To give the water as much air as it can receive 
in this way, the procefs may be repeated with the 
water thus impregnated. I generally chufe to do 
it two or three times, but very little will be gained 
by repeating it oftener; fince, after fome time, as 
much fixed air will efcape from that part of the 
furface of the water which is expofed to the com¬ 
mon air, as can be imbibed from within the veflel. 

The preffiire of the atmofphere affifts very con- 
fiderably in keeping fixed air confined in water; 
for in an exhaufted receiver, Pyrmont water will 
abfolutely boil, by the copious difcharge of its air. 
This is alfo the reafon why beer and ale froth fo 
much in vacuo . I do not doubt, therefore, but 
that, by the help of a condenfing engine, water 
might be much more highly impregnated with the 
virtues of the Pyrmont fpring; and it would not 
be difficult to contrive a method of doing it. 

All calcareous fubftances contain fixed air, and 
any acids may be ufed in order to fet it loofe from 
them ; but pounded lime ftone, or the fawings of 
marble, and oil of vitriol are, both of them the 
cheapeft, and, upon the whole, the beft for the 
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I fhould think tliat there can be no doubt, but 
that water thus impregnated with fixed air mult 
have all the medicinal virtues of genuine Pyrmont 
or Seltzer water; fince thefe depend upon the 
fixed air they contain. If the genuine Pyrmont 
water derives any advantage from its being a na¬ 
tural chalybeate, this may alfo be obtained by pro¬ 
viding a common chalybeate water, and ufing it 
in thefe procefies, inflead of common air. 

If any perfon would chufe to make this medi¬ 
cated water more nearly to refemblc genuine Pyr¬ 
mont water. Sir John Pringle informs me, that 
from eight to ten drops of Tinttura Martis cum 
fpiritu. /alts muft be mixed with every pint of it. 
It is agreed, however, on all hands, that the pecu¬ 
liar virtues of Pyrmont, or any other mineral water 
which has the fame brifk or acidulous tafte, depend 
not upon its being a chalybeate, but upon the fixed 
air which it contains. 

But water impregnated with fixed air does of it- 
felf diffolve iron, as the ingenious Mr. Lane has 
difcoveredj and iron filings put to this medicated 
water make a ftrong and agreeable chalybeate, 
fimilar to fbme other natural chalybeates, which 
hold the iron in folution by means of fixed air 
only, and not by means of any acid; and thefe 
chalybeates, I am informed, are generally the moft. 
agreeable to the flomach. 
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By this procefs may fixed air be given to wine, 
beer, and almoft any liquor whatever: and when 
beer is become flat or dead, k wili be revived b 
this means; but the delicate agreeable flavour, or 
acidulous tafte communicated by the fixed air, and 
which is manifeft in water, will hardly be perceived 
in wine, or other liquors which have much tafte 
of their own. 


I would not interfere with the province of the 
phyfician, but I cannot intirely fatisfy myfelf with¬ 
out taking this opportunity to fuggeft fuch hints 
as have occurred to myfelf or my friends, with re- 
fpe& to the medicinal ufes of water impregnated with 
fixed air, and alfo of fixed air in other applications. 

In general, the dileafes in which water impreg¬ 
nated with fixed air wili moft probably be fervice- 
able, are thofe of a putrid nature, of which kind 
is the Jea-fcurvy. It can hardly be doubted, alfo, 
ut that tins water muft have all the medicinal 
virtues of Pyrmont water, and of other mineral 
waters f.milar to it, whatever they bc ; efpeciailv 
tf a few iron filings be put to it, to render it a 
chdybeate, hke genuine Pyrmont water. It is 
• )0 1 ^ °wever, that, in fome cafes, it may be 
defirable to have the fixed air of Pyrmont water, 
without the iron which it contains. 


Having this opportunity, I lhall alfo hint the 
application of fixed air in the form of dyfters, 
which occurred to me while I was attending to 
E 3 this 
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this fubjeCt, as what promifes to be ufeful to dor- 
reCt putrefaction in the inteftinal canal, and other 
parts of the fyftem to which it may, by this -chan¬ 
nel, be conveyed. It has been tried once by Mr. 
Hey, of Leeds, and the recovery of the patient 
from an alarming putrid fever, when the ftools 
were become black, hot, and very fetid, was fo 
circumftanced, that it is not improbable but that 
it might be owing, in fome meafure, to thofe cly- 
fters. The application, however, appeared to be 
perfectly eafy and fafe. Alfo Dr. Warren, of 
Taunton, adminiftered fixed air in the fame manner, 
with the moft happy effect. 

I cannot help thinking that fixed air might be 
applied externally to good advantage in other cafes 
of a putrid nature, even when the whole fyftem 
was affe< 5 ted. There would be no difficulty in 
placing the body fo, that the greateft part of its 
furface ffiould beexpofed to this kind of air ; and 
if a piece of putrid fleffi will become firm and 
fweet in that fituation, as Dr. Macbride found, 
lome advantage, I ffiould think, might be expeCted 
from the fame antifeptic application, affifted by the 
vis viUy operating internally, to counteract the 
fame putrid tendency. Some Indians, I have been 
informed, bury their patients, labouring under pu¬ 
trid difeafes, up to the chin in freffi mould, which 
is alfo known to take oft' the-feetor from Aefh meat 
beginning to putrify. If this practice be of any 
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vfe, may it not be owing to the fixed air imbibed 
by the pores of the ficin in that fituation ? 

• Bein S no phyfcian, I run no rifuue by throw- 
mg out theft random hints and conjeftures. I 
ftall think myfelf happy, if any of them fhould be 

ir, ° makmg thofe P crfo ns, Whom they 
immediately concern, attend more particularly to 

There is another ingenious method of impregnating 
water with fixed air,' contrived by Dr. Nooth, by 
means of three glafs vefiels, as reprefented in Pi. IX 
In the lowed veffel, the chalk or marble, and 
the water acidulated with oil of vitriol, mud be 
Fit, and into the middle veffel the water to be 
impregnated. During the cftervefcence, the fixed 
air rues into the middle veffel, and reds upon the 
lurface of the water in it, while the water that is 
unplaced by the air rifes through the bent tube 
>nto the uppermod veffel, the common air gain* 

2 ;::t: he c, r eI in the ^ 

reouires no the P™efs 

be col" r'°" 5 3nd lf ** * air 

P •> the water will generally be diffidently 

impregnated in five or fix hours. It lead, all the 
attention that needs be given to it is to raife tire 
uppermod veffel once or twice, to let out that part 
of the fixed air which is not readily abforbed bv 
water. If the operator chule to accelerate the 

procefs, by agitating the water, he mud feparate 
E 4 the 
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the two uppermoft veflels from the lowed. For 
if he fhouid agitate them all together, he will oc- 
cafion too copious a production of air; and he 
will alfo be in danger of throwing the liquor con¬ 
tained in the lowed vedel into contact with the 
dopper which feparates it from the middle vedel, 
by which means fome of the oil of vitriol, might 
get into the water. 


SECTION II. 

Of the State of Air in Water. 

A FTER treating of the impregnation of water 
widi fixed air, I fhall recite the obiervations 
I have at diderent times made on the date of air 
expelled from water by heat, efpecially as in feve- 
ral cafes this is fixed air. 

I have frequendy found air expelled from water to 
be much better than common air; but I have not yet 
undertaken any regular cour fe of experiments on the 
fubject; fuch as examining the fame water at different 
times of the year, with diderent impregnations, differ¬ 
ent expofures, See. which I wild to have done; be- 
caufe I think it poffible, diat fomething worth 

know- 
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knowing relating to the properties of water, or of 
air in water, efpecially refpedting phlogifton, and 
the general ftate of the atmofphere, may be dif- 
covered by this means. Such obfervations as I 
have occafionally made I fliall here put down. 

Boiling generally expels more or l e f s of fixed 
air from water. On the 5th of June, 1779, j 
found my pump water to yield air, one fifth' of 
which was fixed air, and the meafures of the teft 
for the refiduum were. 1. 5.* The fame pump 
water, which had been boiled fome time before, 
gave air, one feventh of which was fixed air, and 
themealures of the teft for the refiduum were 1. 4. 
In general I believe a greater difference than this 
will be found in thefe two cafes. I do not know 
that water will attract fixed air from the atmofphere, 
at leaft in the proportion in which it is generally 
found in pump water, which is probably acquired 
from calcareous matters firft held in folution, and 
then partially decompofed in it. 

Water diftilled in a glafs, which had been Iona 
expofed to the open air, yielded air, of which little 
or none was fixed air, and with equal quantities of 
nitrous air, the meafures of the teft were 1.1. 

A quantity of rain water taken from a large tub, 
which had long flood expofed to the open air, yield- 


* In the experiments mentioned in this book, the two kinds of 
air were not agitated when they were mixed. 


ed 
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ed one fixtieth of its bulk of air, of which no 
part was fixed air, and the meafures of the teft 
were 1.4. Perhaps the wood of die tub, or fome 
other matter cafually falling into it, might have con¬ 
taminated this air. 

A quantity of river water, not very far from the 
fprmg, gave one fiftieth of its bulk of air of which 
the fmaUeft part imaginable was fixed air, and the 
meafures of the teft were t.oj. This air was very 
pure ; but the part of the river from which I took 
it was nearly ftagnant, and very full 0 f water 
plants. 

Lime water is certain not to contain any fixed 
air. from a quantity of this water I expelled air fo 
pure that the meafures of the teft were i.o. The 
quantity of air was one fiftieth of its bulk. Upon 
the whole I am inclined to infer, from all the obfer- 
vations I have hitherto made, that this is about the 
ftandard of air contained in water, which has no fixed 
air, and has been expofed to no influences except 

thofe of the common atmofphere, in its ufual 
lcate. 


From a fpring which was remarkable for its pe- 
trefymg quality, I expected much fixed air, but 1 
found none ; and the air I extracted from it was a 
little worfe than common air. It is plain that, i n 
tins cafe, a boiling heat had not decompofed the 
bme Hone it contained. 
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I alfo filled a phial with pump water and pound¬ 
ed lime ftone, expofed to the fun from the 28th of 
May to the 3d of July, when it yielded air fo pure, 
that with two equal quantities of nitrous air, the 
meafures of the teft were 1.04. I fhouldhave fuf- 
pe< 5 ted fome green vegetable matter in this water, 
but I could not perceive any. Perhaps fome latent, 
or nafeent vegetation, might be the caufe bf this 
veiy pure air. 

That water imbibes dephlogifticated air from the 
atmofphere, is evident from the following obfej;- 
vation. I took fome of the Briftol water in which 
jfifhes had died, and which then yielded air tho¬ 
roughly phlogifticated; and having expofed it to 
the fun from the 28th of May to the 3d of July, I 
found it to yield a confiderable quantity of air and 
i o pure that, with an equal quantity of nitrous air, 
the meafures of the teft were 0.76, and with two 
equal quantities of nitrous air the meafures were 
1.18. 

Fixed air abounds fo much in fome mineral wa¬ 
ters, that their peculiar virtues are certainly owing 
to this ingredient in their eompofition. Tliis con- 
fideration has led fome perfons to'afcribe the virtues 
of other mineral waters to tliis principle, though 
they contain it in fo very fmall a proportion, as to 
make that opinion very improbable. Some, for in- 
ftance, have thought that the virtues of the Bath¬ 
water 
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water were owing, in a great meafure, to the fixed 
air it contains ; and living at no great diftance from 
that celebrated fpring, I thought I fhould incur a 
juft cenfure, if I did not endeavour to afcertain what 
kind of air is contained in that water, and in what 
proportion. Accordingly, I made an excurfion as 
far as Bath, chiefly with that view, and made the 
following experiments, which, having no apparatus 
of my own along with me, I was enabled to perform 
by the friendly zeal and ingenuity of Mr. Painter; 
Dr. Gufthart, Dr. Falconer, and Dr. Watfon, fa¬ 
vouring me with their prefence. 

In order to afcertain what proportion of air is con¬ 
tained in the water, in the ftate in which it is drank, I 
filled a pint-phial with the water hot from the pump, 
and expelled the air from it, by boiling it about four 
hours, receiving the produce in quicldilver. This 
air was about one thirtieth of the bulk of die water, 
and about one half of it was fixed air, precipitating 
lime in lime-water, and being readily abforbed by wa¬ 
ter. The refiduum appeared, by the teft of nitrous air, 
to be rather better than air in which a candle had 
burned out. 

The quantity of fixed air that appears, by this 
experiment, to be contained in the Bath-waters is fo 
very fmall, that I think it very improbable that 
their virtues fhould be at all owing to it. Few 
fpring-waters, I believe, contain much lefs fixed air, 

and 
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and many I know, which have no medicinal vim , e 
ataU, contam more. The pum P - Water Wo „„ to 
the houfe in which I lived at Caine, co„ tains ab o Ut one 
fourteenth of its bulk of fixed air ; and my pump- 
water at Leeds contained about one fiftieth of its 
bulk of air of the very fame compofition as the air 
of the Bath-waters, viz. half of it fixed air, and 
half common air, a little phlogifticated, fo as to be 
in about the fame ftate as air in which a candle had 
burned out. 


Befides, the length of time which the Bath-wa¬ 
ters, and indeed moft other fpring-waters, require 
to expel the air by means of heat, fhews that the air 
expelled from them, was not contained in them 
in that ftate in which it is contained in waters pro¬ 
perly impregnated with fixed air, out of which 
it may always be expelled by the heat of boil¬ 
ing water in lefs than an hour. In fa< 5 t, the 
fixed air is not united to the water , but to fome cal¬ 
careous matter in the water, out of which the air is 
expelled with much more difficulty. According 
Dr. Falconer informs me, that there is a depolk 
made by this water, after long boiling. If fo, it may 
be prefumed, that thefe waters do not fo properly 
contain fixed air, as a calcareous earth ; wliich, 
though it contain fixed air, may not part with it in 
the ftomach, unlefs it meet with fome acid to de- 
compofe it. 


Befides 



62 OBSERVATIONS ON FIXED AIR. Part /. 

Befides the air contained in the Bath-water, there 
is a confiderable quantity of air continually bubbling 
up from almoft every part of the foil, through the 
water in the bath. To examine this, I took about a 
pint of that air, and found, upon examination, that only 
about one twentieth of its bulk was fixed air, preci¬ 
pitating lime in lime-water, and being readily ab- 
forbed by water. The reft extinguifhed a candle, 
and was fo far phlogifticated, that two meafures of 
it, and one of nitrous air, occupied the fpace of 
a 1% of a meafure j that is, it was almoft perfe&ly 
noxious. 

Being in Germany in the fummer of the year 
J 774 , we happened to pafs by the famous fpring 
of Seltzer-water, near Schwallbach, and alfo an¬ 
other very hot fpring near the road from that place 
to Mentz. Through both thefe fprings there was 
a bubbling of air, exadtly fimilar to that in the 
Bath-waters but I had not time, or convenience, 
for making the fame experiments upon them, and 
therefore contented myfelf with finding that the air 
of both of them extinguifhed a candle. 


part 


PART II. 

OF the substances which yield FIXED air 

CHIEFLY BY HEAT. 


SECTION I. 

Of Air extracted, from mineral Subfiances . 

H AVING in an early period of my experiments, 
found that manganefe, and other natural mi¬ 
neral fubftances, yield a very pure air by extreme 
heat; it occurred to me that fubterraneous fires 
might maintain themlelves by means of the air 
which they di(lodged from fuch fubftances as they 
found in the bowels of the earth. This led me to 
try what kind\ and what quantity of air, would be 
yielded by various mineral fubftances, in great heats, 
and it may not be ufelefs to recite the experiments, as 
a knowledge of tire rcfuits may be ufeful in other 
philofophical inquiries; and as many of them yielded 
fixed air, I fttad inlert the account of them in this 
place. 

As the original objeft of my inquiry refpected 
’volcanic fires, I gave paiticular attention to the exa¬ 
mination 
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mination of volcanic fubftances, efpecially with a 
view to afcertain whether a fubftance which had 
been in a date o {fufion will yield air by being heated 
again or not; in order to didinguidi the products 
of volcanos from other dony matters. Though 
charcoal, which has been expofed to the mod in- 
tenfe heat, will imbibe air from the atmofphere, and 
give it out on being heated a fecond time, yet this is 
not a fubdance that can be fifed ; and as this does 
not appear to be the property of earthy fubdances, 
fome dependence may perhaps be placed on this 
ted. If fo, bajalies can hardly be clafied among vol¬ 
canic productions, becauie they yield more air by 
heat than any known lava that I have met with. 

But Mr. Keir has obierved to me, that a fub¬ 
dance from which air has been expelled by fufion, 
may yield more air by being melted again in a great¬ 
er degree of heat, fo that tliis ted is not decifive. 

As the refults of the experiments that I made both 
with lavas and bafaltes were various, I fhall briefly 
cite them. 

Of lava from Iceland, four ounces and one fifth, 
heated in an earthen retort, gave twenty ounce 
meafures of air, of which one half, towards the be¬ 
ginning of the procefs, was fixed air, and the re¬ 
mainder of the ftondard of 1.72, extinguifliing a 
candle. In the interdices of this lava, there was a 
brownlfh fand, which I could not feparate from it. 

Of 
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Of lava from Vefuvius, five ounces and a half, 
yielded thirty ounce meafures of air, of which the 
firft portion had a (light appearance of fixed air, 
and the reft was phlogifticated, from the ftandard 
of 1.64, to 1.38, which came laft. The retort 
was broken by the fwelling of the mafs in cooling. 

Another ounce of lava, of the confidence of a hard 
(tone, yielded only three ounce and a half meafures 
of air, chiefly inflammable, which, I fuppofe, came 
from the gun-barrel in which this particular experi¬ 
ment was made. 

From thefe experiments it feems probable, that 
genuine lavas do not give much air; but this will 
depend upon the degree of heat to which they have 
been fubjefted in the fubterraneous fire. 

It has been much difputed whether bafaltes be a 
volcanic production, or only a cryftalization of a 
mafs of matter in a fluid form. The following ex¬ 
periments incline me to the latter opinion. 

Seven ounces of bafaltes from Scodand, heated 
in an earthen retort, yielded 104 ounce meafures of 
air, of which the firft pordon had a flight appear¬ 
ance of fixed air, and was fo much phlogifticated 
as to extinguifh a candle, being fomedmes of the 
ftandard of 1.68. 

About two ounces of the giants caufeway in Ire¬ 
land, yielded forty ounce meafures of air, the firft 
portion of which had a flight appearance of fixed air, 
Vol. I, F and 
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and the reft phlogifticated, of the ftandard of 1.65. 

It was reduced by fiifion to a hard black glafs. 

Of bafaltes from Scotland, five ounces one hun¬ 
dred and fixty-two grains, yielded feventy-eight 
ounce meafures of air, of which no part appeared to 
be fixed air ; but was all phlogifticated, fome- 
timcs of the ftandard of 1.7, and towards the lift 

I . 4 i. 

The neighbourhood of Birmingham abounds with 
a ftone which, from its being chiefly got from a 
village called Rowley, near Dudley, is commonly 
called Rowley-rag. When it is broken, it very 
much refembles bafaltes, though it is not found in 
the fame regular form. Dr. Withering, of this 
place, has given a moft excellent analyfis of this 
fubftance, which may be feen in a late volume of 
the Philofophical T ranfaftions. All that I did with 
refpeft to it was, to fubjeft it to a ftrong heat in an 
earthen retort; and from this mode of examination 
it fhould feem to be of the fame nature with the ba- 
faltes, whatever that be. 

Four ounces of the Rowley-rag yielded forty 
ounce meafures of air, containing hardly any ap¬ 
pearance of fixed air, but was phlogifticated, of 
the ftandard of 1.6, and 1.5; the laft portion 1.31. 
It was reduced to a black glafly fubftance, which 
broke with a polifli, exa&ly refembling that which 
remained from the bafaltes.* 


The 
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The Derbyfhire toadJlone> in its appearance, very 
much refembles the Rowley-rag, excepting that it 
is full of white fpots, confifting of a calcareous fub- 
ftance. Dr. Withering has analyfed this, as well 
as the Rowley-rag, and both from his experiments and 
mine, they feem to be nearly a-kin to each other. 
Two ounces and 384 grains of this fubftance, 
from which the calcareous part had been diftolved 
by fpirit of nitre, yielded fixty ounce mea-fures of 
air, the firft portion of which contained a little 
fixed air, perhaps from fome unperceived remains 
o'f the calcareous matter. The reft was phlogifti- 
cated, of the ftandard of 1.7. 

In another experiment, an ounce and a quarter 
of this fubftance, from which the calcareous part 
had been extracted firft by oil of vitriol, and then 
by fpirit of nitre, .yielded 40 ounce meafures of 
air, of the fame quality of that in the former 
procefs. There remained from both of them a 
black glairy matter, which feemed to be very 

liquid when it was hot, as part of it had boiled 

up mto the neck of the retort. 

Granite, like bafaites, has been thought by fome 
to e t le product of volcanoes, and by others to 
be a cryftalization from a liquid ftate. The latter 
is the opinion favoured (but for the reafon given 
above not decifively proved) by thele experiments. 
From about an ounce and an half of this fob. 

F * ftance 
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ftance I got twenty ounce meafures of air, the firft 
portion of which contained a little fixed air, but 
the reft was phlogifticated, from 1.7 to 1.28, 
which is nearly the ftandard of common air; but 
the heat was very intenfe, as the fubftance was 
reduced to a glafs. 

Again, five‘ounces and 252 grains of a blue 
granite yielded feventy ounce meafures of air, of 
the fame quality with the preceding. It was alfo 
reduced to a firm uniform glafty fubftance, of a 
dark-brown colour. Upon the whole, therefore, 
it feems probable, that the‘ origin of granite is 
fimilar to that of bafaltes. 

In Cornwall there is a fubftance called elvain y 
the natural hiftory of which is very like that of 
granite, and the refult of my experiments upon 
it fhews that they are of the fame nature. There 
is a black and white kind of elvain. 

Of the black elvain one ounce and 288 grains 
yielded twenty-five ounce meafures of air, the fttft 
portion of which contained a little fixed air, and 
the reft was phlogifticated, of the ftandard of I- 54 - 
It was melted into a brownifh black mafs. 

Of the white elvain one ounce and 384 S rains 
yielded thirty ounce meafures of air, of the fame 
quality with the preceding. It was converted 
into a very porous fubftance, exadly refembling a 
pumice ftone, but much harder. 

«0r 


The 


Sell. I- OBSERVATIONS ON FIXED AIR. fig 

The fubftance called gna „ day is m tQ ^ 
formed by the decompofition of granite. Of this 
fubftance one ounce and feventy- two grains yielded 
thirty two ounce meafures of air, containing no 
fenftble quantity of fixed air, but all phlogifticated, 
of the ftandard of ,.6a and ,.33. After the ex- 
penment this matter was eafily ihaken out of the 
retort, and was not fenfibly changed in its ap- 
pearance. 

Such were the experiments that I made with 
fubftances that are, or are fuppofed to be, volcanic. 
°f thofe which are certainly not volcanic, but 
which may come in the way of volcanic fires, I 
found thofe into which the vitriolic acid enters to 
yield the greateft quantity of pure air; but by no 
means fufficient to keep alive fuch fires as we 
make on the furface of the earth. 

From feven ounces of gypfum, which I kept in 
• a ftrong heat twelve hours, I got 230 ounce mea- 
fures of air the greateft part of which would have 
extinguilhed a candle; the molt phlogifticated be 

.ng of th eftand f i 8> bu£ P 

mi ch purer ; and at the lad confidently dephlo- 
gi icae , or with two equal meafures of nitrous 
air, t e te was 1.3, The ^ was ver y as 

it was produced, and the pureft of all came ra- 
pidly, at the end of the procefs. It is poffible 
^ 3 that. 
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that, with a ftronger heat, more, and purer air 
might have been procured. The fubftance was 
reduced to a hard majs , yellow next to the retort, 
but in the middle very white. 

The Jiones which I found to furnifh the greateft 
quantity of air, though not the pureft, were thofe 
of the JchiJlus kind, which are found in great 
quantities in many mountainous countries; and 
after being fubjeCted to a very great heat, have 
the neareft reiemblance to the generality of lavas 
of any fubftance on which I have yet made the 
experiment. 

From four ounces of a blue Jlate I got 320 
ounce meafures of air, a very fmall portion of 
which was fixed air, and the greateft part of the 
reft (the whole, I believe, except about twenty 
ounce meafures). fo impure, that the ftandard was 
generally 1.8. Towards the laft it was 1.5, and 
the laft of all 1.35; fo that a candle would juft 
have burned in it. The air was very turbid, and 
had a very ftrong fmell. The fubftance was per¬ 
fectly vitrified, and quite black, exaCtly refembling 
lava. It then weighed, as nearly as. I could guefs 
(for in the fiifion it had adhered clofely to the re¬ 
tort) -three ounces and 288 grains. 

From eight ounces of another kind of fchiftus, 
I got feventy ounce meafures of air, of the fame 

quality 
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quality with that in the preceding experiment; 
and it was melted into a black mafs, harder than 
the former, fo as to make a ftill more perfect lava. > 

Oil of vitriol has been fuppofed to enter into 
the compofition of clay . From four ounces of it 
I got twenty ounce meafures of air, in every por¬ 
tion of which one-tenth was fixed air, .and the 
reft of the ftandard of 1.72, 1.52, and at laft i. 44 . 

Putting oil of vitriol to this clay, it yielded 
much more air, and of a better quality. Two 
ounces of the clay, moiftened with this r acid, gave 
210 ounce meafures of air, exceedingly turbid* 
containing very little fixed air, and the reft of the 
ftandard of 1.5, 1.7, 1.58, in the order in which 
they are here put down j but the laft portion was 
r.o8, and was confiderably dephlogifticated. 

A quantity of fine white clay from the Apalla- 
chian 'mountains gave air of the fame kind at the 
beginning of the procefs with common clay but 
the retort being cracked, the experiment wai in- 
terrupted. 

Nothing m the form of a ftme yields fo much 
air as lime Jt me , and this is by, no means all fixed 
air, as I believe has generally been fuppofed. For 
a very great proportion of it is more or lefs phlo- 
gifticated, and the laft portions often tolerably pure, 
fo that* a candle would nearly burn in it. 

F 4 
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From four ounces of white cryftals of lime ft one 
I got 830 ounce meafures of air, the firft portion 
of which had only one-fourth of fixed air, but in 
the courfe of the experiment it varied, being once 
three-fourths, then one-half, and at the laft one- 
third. The ftandard of the refiduum was never 
better than 1.56, nor worfe than 1.66. 

From five ounces and a half of lime (tone of 
an excellent kind, I got in all 1160 ounce mea¬ 
fures of air. Of this one-tenth only was phlogif- 
ticated, and the reft fixed, but the laft portion of 
all was half phiogifticated. 

From feven ounces of a tranfparent fubftance, 
found in a ftone in the neighbourhood of Oxford, 
which is chiefly calcareous, I got 1280 ounce 
meafures of air, of which about one-third of the 
the whole was fixed air. The ftandard of the 
refiduum was at firft 1.55, and afterwards 1.44. 

From fix ounces of a blue ftone , found in the 
neighbourhood of Stratford, I got 1030 ounce 
meafures of air, of which, till near the end of the 
procefs, about one half was fixed air, and at the 
laft about one fourth. The ftandard of the remain¬ 
der was about 1,6. 

From tliree ounces of chalk I got 630 ounce 
meafures of air, of which at the firft one fourth 
was fixed air, then almoft two-thirds, then fome- 


Sett. /• OBSERVATIONS ON FIXED AIR. 73 

thing more than one half, and again a little more 
than a third. The ftandard of the refiduum was 
from 1.66 to 1.34* 

The pureft calcareous earth is chalk , and the 
moft perfect chalk is that which is called whiting , 
which is therefore ufeful in many experiments, fo 
that it is worth while to know what air it con¬ 
tains. From feven ounces of this fubftance, I 
got, in an earthen retort, 630 ounce meafures of 
air, by which it was reduced to four ounces. Every 
portion of the air contained about one-third that 
was not fixed air, the ftandard of which was 
1.36, 1.38. Again, from fix ounces of whiting, 
J got 440 ounce meafures of air, about half of 
which was fixed air, and the remainder of the 
ftandard of 1.4. The whiting was reduced to 
three ounces and 312 grains. 

In order to try whether any peculiar kind of 
tiir might be procured from whiting faturated with 
acids, I moiftened fome, which had been well cal¬ 
cined, with water impregnated with vitriolic acid 
air; and then by heat expelled from it ninety 
ounce meafures of air, the former part of which 
was more than three-fourths fixed air, and the 
refiduum of the ftandard of 1.5. The laft portion 
had lefts fixed air in it, and the ftandard of the 
refiduum was 1.44. The fubftance was rendered 

black. 
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black and hard, but in lpirit of fait it became 
white and foft. 

is fuffered to faU in the °p? n 
ai , firft attrafts moifture, and then that moifture 

gives place to fixed air. From three ounces and 
a quarter of this fallen lime I got 375 ounce 
meafures of air, of which about one-fifth was fixed 
an, and the ftandard of the refiduum was 1.4. 

Iron ores may be pretty well diftinguifhed by 
the quality of the air that they yield by heat as 
wen as by their weight, and external appearan’ce. 
The refiduum of the air from other ftony fub- 
flances after the fixed air is feparated from it, I 

always found to be phlogilKcated, but that 
from iron ore is inflammable 

Three ounces and one-half of Jfa.bofe iron 
ere yielded 560 ounce meafures of air, of which 
at the firft one-third was fixed air, then only fome 
thing more than one half, and again at the lafta 
third. The ftandard of the refiduum was about 
t-7> and inflammable. The fubftance was re¬ 
duced to one hard ma fs, and the bottom of the 
earthen retort was melted along with it 
I tried one iron ore that was of » Ught colour , 
and another of a darker. Six ounces of the lighter 
■coloured ore yielded 7JO ounce meafures of air, 
of which at the firft two-thirds were fixed air, then 
5 only 
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only a little more than a half, and at the laft a 
fifth. The refiduum of the middle portions of 
this air only -fras inflammable, that of the reft 
phlogifticated; the ftandard of it about 1.7. It 
was reduced to a hard black flag full of cavities. 

Four ounces of the dark coloured ore yield¬ 
ed 510 ounce meafures of air, the quality of which 
varied very much, like that in the preceding ex¬ 
periment, and the air was not more ftrongly in¬ 
flammable. 

There is, I believe, fome iron in the fubftance 
that is called black lead (molybdena) and therefore 
I mention the experiment that I made with it in 
this place. From half an ounce of it I got twenty- 
five ounce meafures of air, of the ftandard of 1.6, 
and 1.42. I have no note of any part of its being 
fixed, or inflammable. It had loft only eighteen 
grains in weight. From eight ounces and a half 
of another kind of black lead, I got fixteen ounce 
meafures of air, one fifteenth, or one twentieth of 
which was fixed air, and the reft inflammable, 
burning with a blue flame. 

I did not purfue thefe experiments on ores to 
any g reat C xtent ; but having fome Jlream tin , I 
found that no grains of it, gave twenty ounce 
meafures of air, a fmall portion of which was fixed 
air, and the remainder of the ftandard of 1.44, 
and at laft 1.34* 
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From two ounces and one fifth of Jleatites , I 
got forty three ounce meafures of air, which had 
the flighteft appearance of containing fixed air. 
The remainder was thoroughly phlogifticated, ex¬ 
ec f t that, at the laft, it was of the ftandard of 
**65. It came out of the retort a yellow mafs, 
but powdery, as it was put into it. 

I wo ounces of terra ponderoja^ gave twenty-fix 
ounce meafures of air, widiout any mixture of 
fixed air, the ftandard of it 1.62, 1.42, and 1.29. 
The fubftance was concreted into one mafs, but 
was cafily broken by fluking the retort, and then 

* d,d not a PP ear to be changed in its external 
appearance. 

Two ounces of black wad from Derbyfhire. 
yielded eighty ounce meafures of air, no part of 
which was fixed air, but ail better than common 
air, die ftandard of it being 1.05. This circuit 
llance may help to account fordiis fubftance taking 
"fire, and burning as it does, when it is mixed with 
linfeed oil. For if by any means it is fo far 
heated, as to give out its pure air, this muft afiift 
the com bullion* and the chemical attraction between 
the phlogifton in the oil, and the .dephlogifticated 
matter in the wad may, without its afiuming the 
form of air, be the caufe of the mafs becoming hot. 

Seven ounces of fluor gave eight ounces of air, 
a final 1 proportion of which was fixed air, and the 

reft 
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reft of the ftandard of 1.45. i t was melted into 
a hard malL Six ounces of white fiuor yielded 
in all ten ounce meafures of air, of which the 
fiighteft portion imaginable was fixed air, the reft 
of the ftandard of 1.34, and 1.3. In this experi¬ 
ment the bottom of the retort was quite diffolved. 
N. B. There was no appearance of fluor acid in 
the water in which this air was received, and the 
melted mafs gave fluor acid air with oil of vitriol. 

From four ounces of a kind of f and-ftone , I got 
feventy five ounce meafures of air, a fmall por¬ 
tion of which was fixed air, the ftandard of the 
reft, for the moft part, 1.75, and at the laft 1.35. 
When taken out of the ' retort, it weighed three 
ounces and three fourths. That part of it which 
was next to the bottom of the retort was whiter 
than the reft, but very hard, adhering to it; and, 
what was pretty remarkable, the remainder had ac¬ 
quired juft as firm a texture as it had before it was 
pounded for the purpofe of the experiment. 

Five ounces of a fine white fmd-Jlone, yielded 
about ten ounce meafures of air, containing a little 
fixed air, and the reft of the ftandard of 1.6. This 
alfo was again reduced to a ftone quite as compatt as 
it had been before it was pounded. 

Six ounces of another fand-ftone yielded 102 
o\ince meafures of air, of which a very fmall por¬ 
tion was fixed air, and the reft of the ftandard of 

I * 57 > 
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1.57, and 1.35. This alfo was reduced to a hard 
dark coloured ftone, having feparated itfelf from 
the retort about a quarter of an inch, except at the 
bottom where it adhered to it. 

From one ounce and 175 grains of belemnite , I 
got 320 ounce meafures of air, of which at the 
firft one fixteenth was fixed air, the reft of the ftan- 
dard of 1.75, 1.55. All the air came while the 
heat was very moderate. 

From four ounces of cryjtals of quartz, I got 25 
ounce meafures of air, a very fmall portion of which 
was fixed air, the reft being of the ftandard of 1.8, 
and 1.44. 

1 rcm feven ounces of a granulated quartz , I got 
about ten ounce meafures of air* containing a little 
fixed air, and the reft of the ftandard of 1.42. It 
came out of the retort a loofe friable fubftance, 
weighing fix ounces 290 grains. The retort was 
• cracked, or more air would probably have been 
procured. 

From one ounce and eighty four grains of mica , 
I got twelve ounce meafures of air, of which no 
part was fixed air, but of the ftandard of 1.4, and 

From 120 grains of talc, I got a quantity of air, 
but the retort being cracked at the beginning of the 
procefs, I took no account of the quantity. Part 
of it was evidently fixed air, and the reft of the ftan* 

dard 
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dard of 1.4, and a candle burned in it. The fub 
ftance was reduced to a dark hard cinder, adherino- 
to the retort. ° 

■ From four ounces 355 grains of cryjl alized kf 
in the form of a whitilh ftone, I got tvvelve ^ce 
meafures of air, which contained no fixed air, and 
oftheftandard of 1.4a, 1.36, and ,.3,. Pe ’ rh s 
I uled a greater degree of heat than the glafs had 
been fubjeded to before. Otherwife this experiment 
might help to account for lava giving fome quan¬ 
tity of air, though it had been in alfate offufion, 
having afterwards cryftalized, like this glafs. 

The laft experiment that I lhaU mention was 
made with pit coal. Three ounces of fuch coal as 
we have at Birmingham, gave 700 ounce meafures 
of air, of which I could not be fure that any portion 
was fixed air. It was all inflammable, the firft por¬ 
tion of it burning with a white lambent flame, and 
the laft with a blue one. 

To the fubftances from which I had endeavoured 

"fST IT' “ CXtradl air ** heat > # may te 

juft worth while to mention crude aiuimcy. From 
one ounce of it, in a veffeI) and with a red 

fand heat, 1 got very little air, not more than its . 
bulk. ie a t portion was in a great meafure 
fixed air, and the refiduum extinguiihed a candle. 
l*he antimony on which this experiment was made, 
and which had been pounded, formed a concrete 
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niafs when taken from the fire, being mixed with 
any of the acids. 

A degree of heat fufhcient to bake clay , evi¬ 
dently expels fixed air from it. In order to afcer- 
tain this fa&, I filled a gun-barrel with tobacco- 
pipe clay, and, putting it into the fire, I received 
the air that came from it, in feveral portions ; but 
the whole was not more than about five times the 
bulk of the clay. The firft produce was inflamma¬ 
ble ; but afterwards the air was fixed, preci¬ 
pitating lime in lime-water, and being readily ab- 
forbed by water. I never met with purer fixed air. 

No calx of any metal on which I made the ex¬ 
periment yielded inflammable air, but all of them 
fixed air, and generally in great plenty. Rujl of iron 
gave a great deal of air, two thirds of which was 
fixed air, and the reft was not affefted by nitrous 
air, and extinguilhed a candle; fo that the whole 
produce feemed to be fixed air, only with a larger 
refiduum than ufual of that part which is not nuf- 
cible with water. At another time, however, I got 
from the ruft of iron fixed air that was very pure, 
there being little of it that was not mifcible with 
water. 

N. B. That part of the ruft on which the locus 
of the lens fell, turned very black. 

I obferved that both the grey calx of lead ,, 
and litharge , yielded fixed air, and that a great 

quantity 
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quantity of fixed air is contained in red had, and 
in other preparations of that metal. 

qnickfiLV'f' air ^ T eam ° f the burnin g •** ^ 

W en K° m r r P ' epared W*. 
but not enough to form a judgment of the quality of 

>t. From common vermiUi m I got more air, viz 

about forty times its own bulk, and it was all fixed 

air, being readily abforbed by water. This fub- 

ftance, like the juft of iron, turned' black in the 

foctts of the lens. 


SECTION II. 

Air from faline Subjlances . 

M ost faline fubftances, I believe, contain 
more or lefs fixed air; and it may beTo^ 

W Xd from mm r * * may be ex- 

trafted om each of them, and alfo the quality of 

the refiduum, which I find to differ confiderably L, 
different cafes. But this may depend, in a great 
rheafure, upon the ftate of the water in which the 
experiments are made, a few obfemuons that I 
6 have 


Part n : 


OBSERVATIONS ON FltfED AIR, 

have had occafion to make of this kind may be juft 
worth noticing. 

Both vitriolated tartar , and Glauber fait, which I 
have often occafion to make in the courfe of my 
experiments, I find contain fixed air. Difiolving a 
quantity of vitriolated tartar, which was formed in 
making fpirit of nitre, and collecting the air that 
came from it, I found one twelfth of it to be fixed 
air and with an equal quantity of nitrous air, the 
meafures of the teft for the remainder were 1.3. 
At another time I filled the retort in which the fait 
was contained with boiled pump water, and then I 
found no fixed air in it j having, I fuppofe, been 
abforbed by the water, and the meafures of the teft 
for the remainder were 1.46. Again I diflolved a 
quantity of this fait in pump water, and then found 
one fourth of the whole to be fixed air; the pump 
water itfelf containing a good deal, and the meafures 
for the refiduum were 1.44. 

From half an ounce of vitriolated tartar , in a gun- 
barrel, I got about an ounce-meafure. and a half 
of air, which was chiefly fixed air. The laft pro¬ 
duce diminiihed common air a little; but this I 
attribute to the gun-barrel not having been per¬ 
fectly cleaned from the materials ufed in a former 
experiment. 

I alfo diflolved a quantity of Glauber fait, which 
remained from the procefs for making fpirit of fait, 

and 
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and I found the refiduurn of the fixed air to be fen- 
fibly worfe than common air. 

The firfl experiment that I made upon alum y 
was with the fun-beams, in quickfilver; when I 
got from it a little air, which appeared to be 
fixed air, by extinguifhing a candle, and by being 
readily abforbed by water. I repeated the experi¬ 
ment with the fame refult. The quantity of air 
extra&ed from a piece of alum, was about one third 
of its bulk; but I imagined that a little, though not 
much, more might have been extra&ed, by a longer 
continuance of the operation. 

I obferved, upon this occafion, that I could cal¬ 
cine only a given quantity of alum in a given quan- 
tity of air; and that when this was faturated, I could 
only keep the alum in a fluid ftate by heat. But it 
was eafily calcined in vacuo ; and as the receivers in 
which the calcination was made became very moift, 
it is pretty evident' that this operation is performed 
by the mere expulfion of the water which enters into 
the compofition of this fait; fo that when the fur¬ 
rounding air can take no more water, that calcination 
can proceed no farther. I alfo obferved, upon this 
occafion, that when I had calcined a quantity of alum 
in a given quantity of common air, the air was not 
diminifhed, or in the fmalleft degree injured, by the 
•operation* 

G 2 
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After this, I endeavoured to get air from calcined 
alum , with a burning lens ; and I did get a little: 
but I made no other obfervation upon it, than that 
it was not diminifhed by nitrous air. But when 
I put a quantity of calcined alum into a gun-barrel, 

I got from it a confiderable quantity of air, part of 
which was fixed air, precipitating lime in lime-wa¬ 
ter, and the remainder did not differ from the refi- 
duum of fixed air, extinguifhing a candle, and 
neither affe&ing common air, nor being affe&ed 
by nitrous air. 

N. B. The pure air from the alum, and the 
inflammable from the iron of the gun-barrel, would 
produce the fixed air. 

In difiolving alum, in order to get fome earth 
of alum, I obferved that air was difcharged from it. 
This I colle&ed, and found it to contain very litde 
fixed air, and the meafures of the teft for the refidu- 
um were 1.12. At another time I had the fame 
refult, but the air was not quite fo good, though 
purer than common air. 

Precipitating a fblution of alum with pot afh, 1 
caught the fixed air, which was difcharged in great 
abundance; and examining the refidtium, found it 
to be better than common air, in the proportion of 
1.2 to 1.3; the diminution being in that propor¬ 
tion when mixed with equal quantities of nitrous air. 

Fronv 
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From one ounce of calcined alum , very white and 
c ean, I got fixty ounce meafures of air, without 
any fixed air, or the lead: imaginable, and fo pure, 
that with two equal meafures of nitrous aifj the 
teft was 1.4 Still the refiduum had an acid tafte, 
fo that with more heat, it is probable that more, 
and purer air, would have been produced. 

The metallic/alts, if they gave any air at all, gave 
fixed air, which I find to be contained in moll faline 
fubftances. I fhall recite a few experiments of this 
kind, without any particular regard to the order of 
them. 

I could get no air whatever from fugar of lead 3 or 
from nitre of lead. The former melted into a liquid 
fubftance j the latter changed from white to a dull 
grey colour, and broke into powder, with a crack¬ 
ling noife. 

All the kinds of copperas gave fixed air. I fir ft 

tried common^;;^^ in quickfilver. It did- 
folved into a great quantity of water, but the air 
produced from it was not one twentieth of its bulk 
Half of this air was readily abforbed by water, and 
tie iemain cr was too fmall to be examined. I repeat- 
edthe experiment on calcined copperas, both in a guiv 
barrel, and likewife in a tall glafs vefiel filled with 
fand; but the produce, in all the cafes, was fixed 
air. Half an ounce of calcined copperas yielded 
near a pint of air. 

G 3 
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When I had extra&ed air from the calx of green 
copperas in a glafs-veflel, I put the fame materials 
into a gun-barrel j but ftill I extracted nothing from 
them befides fixed air, mixed with acid air, as appear¬ 
ed by the extremely fmall bubbles to which the large 
ones were prefently reduced in pafiing through water. 

"When I made the experiment on blue vitriol , 
which confifts of oil of vitriol and copper, in quick- 
filver, the refult was the fame as with the green cop¬ 
peras, except that much lefs water was produced. 

TVhite vitriol , which confifts of oil of vitriol and 
zinc, gave ten times as much air as the other kinds. 
Half of it was abforbed by water, and a candle burn¬ 
ed in the remainder. 

Mercurial nitre gave a great quantity of air in 
quickfilver, and this was pure nitrous air; but pof- 
fibiy the nitrous acid being let loofe from this fub- 
ftance, had produced the nitrous air by dififolving 

the quickfilver. 

JVbite lead yielded air in great plenty, by the 
heat of the burning lens, and it was all pure fixed air. 

From four ounces of white lead I expelled, in an 
earthen retort, 240 ounce meafures of air, before the 
retort was difiblved by it. Of the firft: produce there 
remained one third, not fixed air, of the ftandard of 
1.36; and towards the laft, the refiduum was of the 
ftandard of 1.28, when with the common air it was 
1.23. 


SEC- 
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SECTION hi. 

Air from Subjlances of a vegetable Origin. 

T ARTAR is a fubftance concerning which 
there has been a great diverfity of opinions 
among chemifts. On this account fome of my che¬ 
mical friends requefted that I would examine what 
kind of air it yielded in different circumftances. 
Accordingly, to fatisfy them, and my own curiofity 
at the fame time, and without any particular ex¬ 
pectation (for I had formed no opinion whatever 
with relpedt to it) I began with putting a fmall 
quantity of the cream of tartar into fome oil of vi¬ 
triol, contained in a phial with a ground ftopper and 
tube (which is the method that I ufually employ to 
procure vitriolic acid air) and, with the flame of a 
candle, I made it boiL 

The acid prefently became black, and the mix¬ 
ture yielded a great quantity of air, till it was quite 
vifcid ; when, there being fome danger of choaking 
the tube, I withdrew it. The air was at firft half 
.fixed air, making lime water turbid, and half in¬ 
flammable, burning with a lambent blue flame ; 
•but towards the laft two thirds of it was inflamma¬ 
ble* I did not ufe more than a few penny-weights 
G 4 of 
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of the tartar, and the quantity of air exceeded two 
quarts, and much more might certainly have been 
procured. The next day tire matter, which I had 
poured out of the phial, had the confiftency, co¬ 
lour, and fmell of treacle; except that there were 
fome fmall concretions in it. Some time after I 
took the refiduum above-mentioned, and putting it 
into a glafs veftel, I again extracted from it, in a 
fand heat, a large quantity of air, as much as before, 
and exactly of the lame kind. In the middle of 
the procefs, when the production of air was moft 
copious, it was very turbid j and when any of the 
bubbles burft in the open air, they were perceived 
to have a ftrong fmell of treacle. 

After this I ceafed to make ufe of oil of vitriol, 
in order to try what air the tartar would yield of it- 
felf; and I prefently found that the acid had con¬ 
tributed nothing at all to the air that 1 had got from 
it. From an ounce of cream of tartar, in a glafs 
veffel, and a fand heat, I got 170 ounce meafures 
©f air, the firft portions of which were almoft pure 
fixed air. The refiduum, however, was inflam¬ 
mable, and burned with a blue flame. At laft 
only about two thirds of the air was fixed air, and 
the reft inflammable. In the greateft part of the 
procefs, the air was very turbid ; but it was fb in the 
recipient, and the part ot the tube next to it, a con- 
fiderablc time before it was turbid in the reft of the 

tube. 
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tube, or in the glafs veil'd that contained the ma¬ 
terials. T owards the end of the procefs the em- 
pyreumatic oil came over, which was very offenfive, 
though, at firft, the fmell of the air had been rather 
phafant, refembling that of burnt fugar. 

I repeated this experiment, and again got about 
170 ounce meafures of air from an ounce of cream 
of tartar, of which thirty eight ounce meafures were 
inflammable, and the reft fixed. It burned with a 
large white flame, but at laft with a light blue one, 
owing, I fuppofe, to the mixture of fixed air in it. 

That cream of tartar fliould yield fixed air will 
not be thought extraordinary ; but its yielding in¬ 
flammable air, feems to fhew that it had acquired a 
good deal of the confiftence of vegetable matter, or 
of pit-coal, fince thofe fubftances yield the fame kind 
of air. 

After this, negleding the produce of air, I lim¬ 
ply calcined a quantity of cream of tartar, in a red 
heat, in a glafs velfel filled up with fand; and ob- 
ferved that it loft about half its weight. Notwith- 
ftanding its calcination in a red heat, this fubftance 
obftinately retained a great,deal of its fixed air, in 
which it refembles chalk. For when I put this cal¬ 
cined cream ol tartar into lpirit of lalt it yielded a 
confiderable quantity of air, which I found to be 
fixed air, with a phlogifii catet j refiduum. It alfo, 
effervelced in the lame manner, and no doubt gave 

the 
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the fame kind of air in oil of vitriol, and fpirit of 
nitie. But even fpirit of fait did not difiolve the 
whole of it. 

To obferve the phenomena of this calcination 
more particularly, I made the procefs in an open 
crucible, which I kept in a red heat a long time. 
But when there was no appearance of any farther 
change, and the fubftance was pretty hard, I took it 
from the fire, on which it prefendy afiumed a black- 
ifh, or dirty brown colour. Spirit of fait diflolved 
this fubftance with as much rapidity, to all appear¬ 
ance, as it had done the mere black coal of tartar 
in the former experiment, and expelled as much 
air from it. It ftill, however, did not difiolve 
the whole : for a dirty powder remained undif- 
folved. 

I threw the focus of the lens upon a piece of fine 
whitefugar , in quickfilver. It was readily melted 
afad converted into a brown fubftance, yielding about 
two thirds of its bulk of air, one third of which was 
readily abforbed by water, and the remainder extin- 
guifhed a candle. I repeated the experiment with 
a brownifh powdered fugar, with the fame refult, 
excepting that more air was generated from this 
than from the white fugar, in proportion to their 
bulks. 

From two ounces and three quarters of zvood 
ajhes I got, in a very ftrong heat, 430 ounce mea~ 

fures 
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fares of air, of the firft portion of which one tenth, 
of the fecond one third, and of the third one half 
was fixed air. The refiduum of the fecond por¬ 
tion was of the ftandard of i .6, and that of the 
third 1.7. It extinguiflied a candle; fa that the 
air came properly from the ajhes , and not from 
any remaining particles of the charcoal mixed with 
them. After the procefs, the afhes weighed 839 
grains. Being expofed to the open air one day, 
they weighed 842 grains, and, perhaps with more 
heat than before, yielded fifty ounce meafures of 
air, of which about an eighth was fixed air, and the 
ftandard of the refiduum was 1.38, and 1.41. A 
candle burned in it; fa that it is evident fame of 
the deplogifticated part of the atmofphere had 
been imbibed by thefe allies. They then weighed 
789 grains and a half. 

From three ounces of pit-coal ajhes , I got air, 
th p ftandard of which was 1.7, and extinguifhed a 
candle. I took no note of the quantity of fixed 
a ir, and through an accident in the procefs moft 
of the air efcaped. 

It is well known that all fermented liquors, 
that/ are not quite flat or vapid, contain fixed air; 
and I had the curiofity to try, what proportion of 
this air is contained in different kinds of wine, 
and in wines in different ftates. For this purpofe, 
I took one of the phials with a ground-ftopper and 

tube. 
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tube, containing an ounce-meafure and a half, 
•and filling it accurately with each fpecies of 
wine, I plunged it into a veffel of water, which 
was fet on the fire to boil, receiving the air in 
quickfilver. The air that I got from all kinds 
of fermented liquors was pure fixed air; but, 
except champaigne and cyder, it was in much 
lefs quantity than I expe&ed; the refults being as 
follows. 

The quantity of air contained in 
Madeira, was - re? of an ounce-meafure. 

Port of fix years old - 

Hock of five years old --- - 

Barrelled Claret - rh----- 

Tokay of fixteen years vs -- 

Champaigne of two years 2-- 

Bottled Cyder of 1 1 years 3 *- 

Some champaigne fparkles much in confequence 
of containing much air; but there is a kind of 
champaigne which does not fparkle, and contains 
very little air. The difference, as I was informed, 
when I made enquiry concerning it, in that part 
of France where the wine is made, is owing to 
this; that when they wifh to have the wine fparkle, 
they check the fermentation as much as poffible 
at the time that the wine is made; f° that the 
fermentation going on gradually, the fixed air pro¬ 
duced 
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ducedby it is abforbed by the liquor: whereas, 
when they do not chufe to have it fparkle, they 
let it ferment freely, like any other kind of wine. 

In other cafes, therefore, where fermented liquors 
contain much air, as in moll kinds of malt-liquor, 
cyder, and our Englifh made- wines, I take it for 
granted, that the fermentation is either purpofely 
checked, or that the liquor is of fuch a nature, 
that the fermentation will neceflarily continue a 
long time, after it is put into the calk or bottle. 

I once found that a quantity of port-wine con¬ 
tained its own bulk of fixed air; but I now ima¬ 
gine that the wine was not genuine, but mull have 
been made chiefly of cyder. Perhaps this may 
not be a bad method of diftinguifhing genuine 
foreign wines from compofitions made of cyder. 


SEC- 
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SECTION IV. 

Air from Animal Subftances. 

I Had obferved, that animal fubftances, in putre¬ 
fying, difcharge air that is in part fixed, and 
part inflammable. Being willing to find the ‘pro¬ 
portion of each of thefe kinds of air, in the different 
ftages of the putrefa&ive procefs, as well as the 
whole produce of both kinds, I took a piece of the 
lean mufcular part of mutton, weighing 102 grains, 
on the 13th of September, 1776, and put it into 
a jar filled with quickfilver, Handing inverted in 
a bafon of the fame, and placed it near the fire, 
where the heat was variable, but at a medium of 
about 100 degrees of Fahrenheit. 

On the 15th I took from the mutton half an 
ounce meafure of air, two thirds of which was 
iixed air, making lime-water turbid, and the reft 
was ftrongly inflammable. On the 16th it had 
yielded one third of an ounce meafure of air, of 
which the fixed air and the inflammable were ex¬ 
actly in the fame proportion to one another as 
before; but the inflammable air at this time was 
all fired at pne explofion, and without that rednefs 


1 
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in the flame that I had perceived before. On the 
19th I took from it about half an ounce meafure 
of air, three fourths of which was fixed air, and the 
reft inflammable. 

After this I removed the mutton and quick- 
filver into the common temperature of the atmof- 
phere, where they continued to the 13th of January 
following, in all which time very little was added 
to the air that had come from it before its removal. 
I then, however, took from it half an ounce mea¬ 
fure of air, and it was all pure fixed air, without 
the mixture of any thing inflammable in it. Then 
placing it near the fire as before, it prefently yield¬ 
ed another half ounce meafure of air, which was 
alfo wholly fixed air. 

Obferving that it ftood near twenty-four hours 
after this without producing any more air, though 
it was in the fame degree of heat, I plunged the 
whole into a pan of water, and made it boil; by 

which means I got from it about one eighth of an 
ounce meafure of air, the whole of which was 
fixed air; at leaft the refiduum was not larger 
than is ufual in pure fixed air; for it was too fmall 
a quantity to make an experiment upon with the 
flame of a candle. After this I kept it in a boil¬ 
ing heat a confiderable time, without getting from 
it any air at all. It appears therefore, that this 
piece of mutton yielded in all 2 « meafures of air, 

of 
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of which 2 was fixed, and the reft inflammable* 
and that all the inflammable part was exhailfted a 
confiderable time before the fixed air. 

On the 13th of March, 1780, I took two dead 
mice, of about equal fize, and put them into two 
feparate cups, under different jars of common air* 
of very nearly equal capacities, one of them con¬ 
taining 155 ounces of water, ftanding in quick- 
filver, and the other 160 ounces, ftanding in water* 
Leaving them in the country to the care of a 
perfon who fupplied the vefiels in which they flood 
occafionally with water or quickfilver, I went to 
London, and after my return, in the beginning of 
Auguft, I found, by marking the veffels, and mea- 
furing them afterwards, that the air in the veffel 
which had flood in water was reduced to 140 
ounce meafures; and on the 28 th of Auguft it 
was reduced to 135, but after ftanding a fortnight 
longer, it was not fenfibly diminifhed any farther* 
The air in the vefiel which had flood in quick- 1 
filver was not fenfibly diminifhed at all* 

Admitting lime water to this veffel, it prefently 
became turbid ; but this heing a flow diminution 
I removed the vefiel after fome days to a trough 
of water, and then found that the air contained in 
it made lime water exceedingly turbid; and agitating 
this air in fmall portions it was prefently reduced 
to 125 ounce meafures; fo that all the quantity 

diminifhed 
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diminilhed feems to have been fixed air, making 

June water turbid, and beirn? ahf„ u a u • 

thr r ^ ablorbed by water irt 

the very fame manner. 

The air in the veffel which had flood in water 
ftotwithftanding the opportunity there wa j .e 
fixed air depofited by it bang readily abforb c d 
made ime water very turbid , and by agitation 
*n finall portions this air was reduced to 130 ounce 
meafures. Upon the whole it appears, that 
the diminution in both of thefe cafes was nearlv 
equal, viz. a little more than one fifth. 

In thefe experiments the two mice were thorough¬ 
ly putrefied, and indeed quite diflblved, and°no 
doubt had yielded all die air they were capable of 
y elding. But if the experiments on the putrefac¬ 
tion of mice in quickfilver recited above be con,- 
pare with thefe, it will be found that the addition 

„ c d . ° r air of a,, y other k «'ud, from the 
putrefied mice was quite inconfiderable, viz an 
ounce meafure and half of fixed air, and half 
ounce meafure of inflammable from each 

perhaps moV'fixed'lh yieU 

vent inconfiderable quantity is produced in ^ 

circumftances, is evident from there being litde 

W in mCrea , C ,° r ^ e a ‘ r when it is confined by 
lutckjihcr, which could „ ot imbibe fixed air, ff 

VOL. I. tj * 

** any 
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any had been difcharged from the putrefying 
mice. It will be found hereafter, that water is a 
necefiary ingredient in the conftitution of both fixed 
and inflammable air. 

It might be queftioned, whether the fixed air 
contained in our aliments, can be conveyed by 
the courfe of circulation into the blood, and by 
that means impregnate the urine. I have found, 
however, that it may do it; having more than 
once expelled from a quantity of frefh-made urine, 
by means of heat, about one fifth of its bulk of 
pure fixed air, as appeared by its precipitating 
lime in lime water, and being almoft wholly ab- 
forbed by water; and yet a very good air-pump 
did not difcover that it contained any air at all. 

It muft be obferved, however, that it required 
feveral hours to expel this air by heat; and after 
the procefs, there was a confiderable whitifh fedi- 
ment at the bottom of the veflel. This was, pro¬ 
bably, fome calcareous matter with which the 
fixed air had been united; and by this fixed air, 
the calcareous matter, which would otherwife have 
formed a ftone or gravel, inay have been held in 
folution; and therefore, drinking' water impreg¬ 
nated with fixed air, may, by impregnating the 
urine, enable it to diffolve calcareous matters bet- 
ter than it would otherwile have done, and may 
therefore be a means of preventing or diflfolving 

the 
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the ftone in the bladder, agreeable to the propofal 
or my friend Dr. Percival. 

From four ounces of dry ox blood I got 1200 
ounce meafures of air, and I conjeftured that not 
Jefs than aoo ounce meafures efcaped. It con- 
tamed no fixed air. The firfl portion of it burned 
with a large lambent white flame, the middle por¬ 
tion fainter, and the laft was hardly inflammable 
at all, but had a flight blue flame. What remain¬ 
ed of the blood weighed 255 grains, and was a 
very good condu&or of electricity, which is not 
ufually the cafe with the charcoal of rinimal fub- 
ftances. 


H 2 
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PART HI. 

VARiOUS PROPERTIES OF FIXED AIR. 


SECTION I. 

*The "Effects of fixed Air on Animals and Vegetables , 

I NSECTS and animals which breathe very 
little are ftifled in fixed air, but are not foon 
quite killed in it. Butterflies, and flies of other 
kinds, will generally become torpid, and feem- 
ingly dead, after being held a few minutes over 
fermenting liquor; but they revive again after 
being brought into the frefh air. But there are 
very great varieties with refped to the time in 
which different kinds of flies will either become 
torpid in the fixed air, or die in it. A large 
ftrong frog was much fwelled, and. feemed to be 
nearly dead, after being held about fix minutes 
over the fermenting liquor j but it recovered upon 
being brought into the common air. A fnail 
treated in the fame manner died prefently. 


While 
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While I was making experiments on the fixed 
air produced by the fermentation of beer, in a 
public brewery, which Was a confident time be¬ 
fore I attempted to procure it in any other man¬ 
ner, I had the Curiofity, among other things, to 
try what effe& it would have on the vegetation of 
plant!) and the tolonrs of fome delicate flowers; 
both which I could eafily fufpend within the region 
of fixed air over the fermenting vats* The refult 
of a few experiments* which I made in thefe cir- 
cumftances, was as follows. 


Fixed air is prefently fatal to vegetable life. 
At leaft fprigs of mint growing in water, and 
plated over the fermenting liquor, will often" 
become quite dead in one day; nor do they 
recover when they are afterwards brought into the 
common air. I am told, however, that fome 
Other plants are much more hardy in this refpe<ft. 

A red role, frefh gathered, loft its rednefs* 
and became of a purple colour, after bein* held 
over the fermenting liquor about twenty four 

S'']n4 L " ps rf each lcaf were ™ ch 

more affected than the reft of it. Another red 
rofe turned perfedtly white in this Duration: but. 
various other flowers, of different colours, were 
vefy little aflefted. Thefe experiments were 
not then repf ated, as I wjfhed they might be done. 
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in pure fixed air, ex traded, from chalk by means 
of oil of vitriol. 

After this I found a contrary opinion to prevail, 
viz. that fixed air is io far from being deftruttive 
to vegetation, that it is the proper pabulum of ve¬ 
getables j making them to flourifh much more 
than they could do in other circumftances ; and 
that, inflead of difcharging the colour of rofe leaves, 
it is a means of preferving diem, and all other 
moll delicate flowers, in the greateft perfedion. I 
therefore made the following experiments. 

On the 5th of June, 1776, I put two fprigs 
of mint into two equal jars, filled tQ the fame 
height with pure fixed air, extraded from chalk 
by oil of vitriol, the lower parts of each jar con¬ 
taining equal quantities of the fame rain water ; 
with this difference, that into one of the jars I con¬ 
veyed a little oil, to prevent the too quick abforp- 
tion of the fixed air by the water. Alfo in the 
fame trough of water, in which flood the jar with¬ 
out oil, I placed another jar, filled to the fame 
height with pure fixed air, without any plant. 1 
prefently obferved that the water rofe in all die 
jars exadly alike, except in that which had the oil 
on the furface of the water; and the next morn¬ 
ing both the plants appeared to be quite dead, 
their ftems and leaves having became almolt black 

and 
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and flaccid. After two days, wlien there was evi¬ 
dently no probability of the plants recovering them- 
felves, I took diem out, and found the air to which 
they had been expofed not in the leaft changed, be- 
ing juft as much abforbed by water as other fixed 
air. 

Thinking it poffible, that though thefe plants 
died in a total change of aunofphere, they might, 
notwithftanding, have borne a partial charge of it, I 
took three other plants, and put one of them into a 
jar of air of which two thirds, another into one of 
which on* half, and a third into one of which one 
fourth was fixed air. But, to all appearance, all 
thefe plants died as quickly as the two former had . 
done, which I believe was, in fail, aimoft inftandy: 
for the cefiation of vegetable life muft -have con- 
fiderably preceded iiich vifible cjfcfis of it as the 
blacknefs and flaccid Rate of the leaves and ftalks. 

To clofe dfis let of experiments, I, in the iaft place, 
put only one eighth part of. fixed air to two plants 
which had been growing lome time very well in 
phials of water, over which I had placed jars full of 
common ah only, in order to avoid .wetting the 
plants, or doing them the leaft imaginable injury, 
in any reipedt. $ut, notwithftanding this, and’ 
though very little indeed of the fixed air could be 
foppofed to remain a long time, of fo very final! a 
quantity, expofed to fo very large a furfaee of wa- 
H 4 ter, 


104 OBSERVATIONS ON FIXED AIR. Pott Iff. 

ter, in a few days the tips of the leaves, even to the 
tops of the plants, turned black: both of them foon 
lhewed evident marks of decay: one of them died in 
about ten days, and the other did not furvive more 
than about three weeks. For in fuch a languifhing 
ftate, it is not eafy to fay at what precife time a plant 
muft be pronounced to be properly dead. 

In the next place I tried the effedt of water im¬ 
pregnated with fixed air on the roots of plants. 

In one cafe, a fprig of mint, in the impregnated 
water, grew better than a fimilar plant in the fame 
water not impregnated with fixed air ; but another 
plant grew much worfe than its companion in 
common water, Befides, though it fiiould appear 
that, for a time, a plant fiiould grow better in this 
kind of water, it may, perhaps, be attributed to the 
effects of ftimulus only, which is not peculiar to fixed 
air, but might refult from the adtion of any other 
acid. And when I put a little common fait, or 
even a little fpirit of nitre into the water in which 
the plants were growing, I imagined that, for fome 
time, it rather promoted their growth. Alfo, though, 
in general, plants die almoft immediately in water 
impregnated with nitrous air, yet in one cafe of this 
kind, when the fuperfluous nitrous air was carefully 
let out under water, fo that no part of it was de- 
compofed in contadt with the water, the plant grew 
in it remarkably well. 


The 
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The few obfervations that I have made on the 
growth of plants in water impregnated with fixed 
air, but which I do not pretend to be fufficient to 
decide the queftion, were the following. On the 
aoth of A uguft i 77 6, I gathered two Hips of mint, 
and hkewife two fmall plants of the fame kind, with 
roots ; of which I put one of each kind into an eight- 
ounce phial of rain-water, and the others into other 
fimilar phials, filled with the fame water impreg¬ 
nated with fixed air; putting at the mouth of each 
of them a little foft clay, to prevent the too eafy 
efcape of fixed air from thofe that contained it, and 
to put the others, as nearly as poffible, into the fame 
circumftances. 

tor fbme time all thefe plants appeared to flourifh 
equally well; but after a week it was evident that 
the flip of mint in the impregnated water, grew 
better than its companion. On the 4th of Septem¬ 
ber the plant in the fimple water was in a dying 
condition, and the other began fenfibly to languid 
and was dead, I think, about a week after the 
other. 

The two plants with roots grew very well; but 
that in the fimple water much better than the other; 
and more of the water , had been exhaled from the 
phial, the reverfe of which had been the cafe with 
the flips. On the 24th of September the plant in 
the fixed air was abfolutely dead ; but die other in 

fimple 
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jfimpic water was very flourifhing on the 28th, 
when I put an end to the experiment. .Examining 
the phials of impregnated water, I found that nei¬ 
ther of them had intirely loft its fixed air. That 
in which the fprig of mint had grown, ftill con¬ 
tained one fixth of its bulk of fixed air, and the wa¬ 
ter in which the plant with its root had grown, 
which was a much longer time, retained, however, 
one twelfth of it. 

To try the effect of differ entftimuli on the roots 
of plants, I nrft put into phials containing an ounce 
meafure and a half of common water, fmall 
quantities of common fait, from one grain to twelve, 
and more. In all thofe which contained more than 
twelve grains, the plants died immediately, but in 
that phial the plant lived a few days; and the reft 
died, in their order, to that which contained three 
grains of fait, which feemed to grow as well as die 
piant in fimpie water. And it w^s remarkable that; 
not only this plant, but -alfo thofe which had died 
feemed to fiourifh more at tbe jirfi , than thofe which 
grew in Ample water : and that which had three 
grains of fait, and alfo that. which had one grain, 
continued to live after the plant in fimpie water was 
dead in the fame room. This was in ipy laboratory, 
a place unfavourable, indeed, to any vegetation, but 

equally fo to all. 
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Sprigs of mint in one and a half ounce phials, con- 
taimng one and even two drops of the ftrongeft nitrous 
acid flounlhed very well, better, fe cm ingly, than 
thofem mere water; but in water containing more 
of this acid, they died in dandy. 

I am far from pretending that thefe few experi 
ments on the vegetation of plants in water- impreg¬ 
nated with fixed air,, are decifive; but I think they 
ihew that a very great number of experiments, and 
thofe uniform in their refult, are ncceflary to deter¬ 
mine this quedion. When fome plants grow bet¬ 
ter, and fomc worfe, it makes it pmbable that the 
difference in the growth depends upon fome other 
circumdance than the water in which they grow. 

While I was attending to the companion of the 
growth of plants in dephlogidicated and common 
a ir, I at the fame time made a few farther experi¬ 
ments on the growth of plants with their leaves 
expofed to fixed air, diough I was pretty well fa- 
,tisfied, from the experiments recited above that 
this kind of air is undoubtedly injurious to plants 
growing m at. a wilhed atfo, once more, to tiy 
die effea of inflammable air, with refpeft to vege- 

Accordingly, in the month of April 1777, I 
introduced a'iprig of mint into, a phial of air, one 
third fixed apd the red common ; and having only 
once fupplied it with frefij fixed air (when the bulk 

of 
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of the farmer was abforbed by the water) I obferv- 
ed, that on the 3d of May following, there were 
black fpecks On feveral of its leaves, and in the 
courfe of a week it was almoft wholly black, and 
evidendy dead. It had not grown at all. 

At the fame time I put another fimilar plant 
into a jar ofhaiffrefh made inflammable air and half 
common air, blit it died prefendy. I found, how- 
ever, by fubfequent trials, that plants would bear 
a greater proportion of inflammable than they would 
of fixed air } fo that from the circumftance of plants 
merely living in a proportion of fixed air, it cannot 
be inferred that it is of itjdf, at ail favourable to 
their growth. 

The few experiments that I had an opportunity 
of making before, left me altogether undecided 
with refpeffc to the effeft of water impregnated with 
fixed air on the roots of plants. But the many ex¬ 
periments that I have made fince, in 1777, and 
1778, have not left a fhadow of doubt on rhy mind, 
that fuch water is hurtful, and finally fatal to the 
plants growing in it, at leaft to fprigs of mint; for 
I did not make the trial with any other plants. 

On the 28th of May I placed, in a green houfr, 
and not in my laboratory, as in the experiments 
mentioned before, three fprigs of mint, with 
their roots in phials of water impregnated with 
fixed air, and three other plants of the fame kind 

with 
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with their roots in the fame water unimpregnared. 
Af^r a week I changed the impregnated water, on 
account of the moyths of the phials being left open, 
left the plant fhould have been injured by pytting 
any thing about them, to prevent the efcape of the 
air from the water. 

During two or three days at the firfl, the plants 
in the impregnated water were more vigorous than 
the others; but on the 8 th of June following, they 
all looked much worfe than thofe in the common 
water. Alfo thofe in the common water had long 
white filaments fhooting from their roots, whereas 
thpfe in the impregnated water had none of them. 
On the 18 th of June, die plants in the impregnated 
water were all quite dead, their leaves having all 
fallen off one after another, beginning at the bptT 
tom. Examining one of the phials, I found that it 
contained between one fifth and one fixth of its bulk 
of fixed air. 

I repeated thefe experiments feveral times ia 
the epurfe of that fummer, generally ufmg many 
more plants than in thefe laft mentioned, but the 
relult was the fame in them all. However, as it 
generally happened, on what account I cannot teli f 
that the plants in the unimpregnated water died, 
though later than the others, I deferred the laft 
and decifive trial till the year following, after which 
I had no doubt remaining gn dve fubjecti 


On 
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On the 4th of May, 1778, I put feven fprigs 
of mint into pump water impregnated with fixed 
air, and ten or twelve in the fame water unimpreg¬ 
nated, the phials being fimilar, and I placed them 
all in a fummer houfe, in the fame expofure. I 
renewed the impregnated water every week, till 
the 23d of June, when all the plants in the water 
impregnated with fixed air were dead, the roots 
being black and rotten; while the other plants were 
in as flourifhing a Hate as poffible, and continued 
to flourifh long after, till I difcharged the ex¬ 
periment. 

On this occafion I did not obfcrve that the 
plants in the impregnated water were at any time 
more flourifhing than the others, not even at the 
beginning; and after a fortnight the difference in 
appearance, to the difadvantage of thofe in the 
impregnated water, was very vifible. Thofe which 
grew in the common water threw out many white 
filaments from their roots, many of them fo long 
as quite to fill the phial, twilling themfelves in all 
directions, and exhibiting a very beautiful appear¬ 
ance; whereas there was nothing of this kind ih 
any of the phials of impregnated Water. On the 
contrary, the roots became prefently black, and at 
length rotted quite away. 

One of thefe I had overlooked, and had neg¬ 
lected to change the water; and this plant threw 
* out 
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out a few white filaments j but, on renewing the 
impregnated water, they prefently became black 
and peri flied. 

It was remarkable alfo, that two of the plants 
in the impregnated water threw out thick knots 
of thofe white filaments in the necks of the phials, 
juft above the furface of the water, but not one 
of them within the water itfelf, or ever entered 
the water. Alfo, when I took one of thefe plants, 
the roots of which - were quite perifiied, out of the 
impregnated water, and put it into a phial of com¬ 
mon water, it threw out new white roots above 
the place that was decayed, and afterwards grew 
very well. 

Mr. Hey, of Leeds, palling through Caine, 
where I then refided, happened to lee thele plants 
in the laft ftage of the procefs, and thought that 
no experiment could be more fatisfadtory. 


SEC- 
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SECTION II. 

Of the Cbanie made infixed Air by the elettric Sparki 

I Obferved in a very early period of my experi¬ 
ments, that by taking the eledtric fpark in fixed 
air, a part of it is converted into air that is not 
abforbed by water. I have frnce repeated thi$ 
experiment with more care; and though I have 
never been able to make the whole of any propor¬ 
tion of fixed air immifcible with water by this 
means, yet I have always fo far changed it, that 
the refiduurft was more confiderable than before, 
but in different proportions. 

I took the ele&ric fpark about two hours in a 
fmall quantity of fixed air confined in a glafs tube 
by mercury. Before the experiment, one thirtieth 
of the air was unabforbed by water, but afterwards 
one fourth. The glafs tube in which this experi¬ 
ment was made became very black in the infide; 
and as this change is made in mercury by the 
addition of phlogifton, it looks as if fome of the 
phlogifton, which had made, a part of the fixed 
air, had, by this procefs, been feparated from it j 
and leaving a greater proportion of dephlogifticated 

air 
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air in the remainder, would neceflarily make it lels 
mifcible with water. The blacknefs on the infide' 
of the tubes, m which the eleftric fpark is taken 
through vitriolic acid air or common air, I before 
difcovered to be mercury fuperfaturated with phlo- 
gifton. 

The next time that I repeated this experiment, 

I attended to the quality of the refiduum before 
and after the procefs j and the refult was fuch as 
feems to confirm the above-mentioned conjecture. 

I took the eledtric fpark an hour and ten minutes 
in little more than half an ounce meafure of fixed 
air, after which one fifth of the whole was unab- 
forbed by water, and the ftandard of the refiduum 
was 0.9. Of the original fixed air about one 
thirtieth was unablorbed by water, and the ftandard 
of the refiduum was i.o. In this experiment I 
alfo oblerved that the quantity of the air in which 
I made the experiment was increaled about a twen¬ 
tieth part, which I do not pretend to explain. 

Again, I took the ele&ric fpark an hour in half 
an ounce meafure of fixed air, after which there 
remained as much refiduum unabforbed by water 
as had remained in about five times the quantity 
of the fame fixed air in which no fpark had been • 
taken. This refiduum was alfo much purer than 
that of the original fixed air, the ftandard of it be¬ 
ing 0.8, whereas that of the original fixed air had 

Vol. I. I been. 
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been, as before, i.o. I repeated the experiment, 
and found the refiduum ftill greater, but of the 
fame pure quality; and in this cafe I obferved a 
good deal of the black matter adhering to the in- 
fide of the tube. 

In the following experiment I obferved a farther 
change in this fubftance. In a fmall tube, con¬ 
taining about one fifteenth of an ounce meafure of 
fixed air, I took the eledbric fpark about an hour; 
after which there was a good deal of the black 
matter clouding all the infide of the tube; but the 
lower part of it was covered with fomething of a 
yellow colour, like fulphur. In this cafe the re¬ 
fiduum not abforbed by water was between one 
fourth and one fifth of the whole, and lefs pure 
than the former refiduums. Had not the dephlo- 
gifticated air in the fixed air palled into the mer¬ 
cury, tending to make it a precipitate pr Je? Was 
not this the caufe of the refiduum being lefs pure 
than before ? And does not this experiment alfo 
prove, that phlogifticated air may be compofed of 
the fame materials with fixed air, viz. dephlogif- 
ticated air and phlogifton ? 

Again, l took the ele&ric fpark three hours in 
a fmall quantity of fixed air, and obferved that it 
was firft increafed, and then diminifhed about one 
eighth of die whole j the infide of the tube being 
very black, and below the mercury very yellow, 

about 
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about the fpace of a quarter of an inch quite round 
the tube. But that fpace, or at leaft part of it, had 
been above the mercury at the beginning of the 
pr °“ rS ' , T , here remained one third of the air 
unabforbed by water, and fo impure, that the 
ftandard of it was 1.8. 

To vary the experiment, I took the eleAHc 
fpark in a quantity of fixed air confined by water 
impregnated with fixed air. The quantity, was 
much increafed by the air extricated’ from the 
water, and after the procefs by far the greater part 
of it was incapable of being abforbed by lime water. 
In the courfe of this experiment, I obferved that 
water impregnated with fixed air is by no means 
io good a conduftor of eleftricity as water impre^- 
nated with any of the mineral acids. 

Again I took the elearic fpark in fixed air, 
confined by a little common water, and obferved 
that the blacknefs mentioned above extended more 
than a quarter of an inch below the furface of the 
mercury, in the fame manner as the yellow colour 
had done before In this cafe alfo, the refiduum 

was purer than that of the original fixed air. 

Again took the eleftric fpark half an hour in 
even tent s o an ounce meafure of fixed air, after 
which one tenth of it Was immifcible with water, 
and the refiduum was evidendy better than the 
natural refiduum of the fame fixed air. The ftan- 
I 2 dard 
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darcl of that had been i.o, and of the other 
about 0.85. 

I took the ele&ric fpark three hours in about 
three fourths of an ounce meafure of fixed air, 
after which it was increafed in bulk one eighteenth. 
Water being admitted to it, there remained one 
fixth unabforbed. Being examined, the ftandard 
was found to be as before, a little better than the 
refiduum of the lame fixed air*. 

Being defirous of afeertaining whether this change 
in the conftitution of the fixed air was owing to 
the light , or the heat produced by the elettric fpark, 
or to fomething peculiar to ele&ricity. I firft 
threw a ftrong light by means of a burning lens, 
on fome pounded glafs, confined in fixed air, for 
fome hours. But though the refiduum was by 
this means a little increafed, yet being of the fame 
quality with the common air, I fufpetted that it was 
the air which was necefiarily introduced through 
the quickfilver along with the pounded glafs. 
There was no change in the dimenfions of the air 
after the experiment. 

I repeated the procefs with fine glafs-houfe fand, 
which had been previously expofed to a ftrong 

* The addition of air in thefe experiments, Mr. Monge found to 
be inflammable , which muft have come from the calcination of the 
mercury, and not, as he fuppofes, from the decompofition of the 
water diffufed through the fixed air. Mem. ^ Academic des 
Sciences for 1786, P-4J0* 
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heat. But though the refiduum was increafed, 
the experiment was not, upon the whole, more 
iatisfa&ory than the former. I alfo heated bits of 
crucibles in the fame manner, and found the re¬ 
fiduum larger than before, in the proportion of 
10 to 6.6; but the quality of it was worfe. To 
what this Ihould be owing, I cannot tell. 

I once more repeated the experiment with bits 
of crucibles, and the refult was certainly favourable 
to the hypothefis of a real change being made in 
the quality of the air by heat , but I do not pretend 
to fay that it was decifively fo. After die procefs 
with fifty fix meafures of the air there was a re¬ 
fiduum of three meafures; whereas before the ex- ~ 
peri ment, the fame quantity of the fixed air had 
left a refiduum of only two meafures. And that 
the additional meafure was not the common air, 
introduced into the veflel by adhering to the bits 
of crucibles, was evident from the quality of the 
refiduum, which was the very fame, viz. of the 
ftandard of i.i. I alfo allured myfelf that there 
was no fallacy of this kind in the experiment, by 
introducing the very fame bits of crucibles into 
another equal quantity of fixed air. For I did 
not find that any fenfible quantity of common air 
had been carried into the veflel along with them. 

However, by heating iron in fixed air, there 
can be no doubt but that a fenfible quantity of it 
is converted into phlogifticated air; which agrees 
13 with 
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with the experiments that I formerly made by 
putting pots of iron filings and brimftone into fixed 
air. The experiments that I made of this kind 
were the following, in which it will be obferved, 
that, though in fome of them, there was an in- 
creafe of the quantity of air after the procefs, yet 
that it was by no means equal to the quantity that 
remained, unabforbed by the water; and there¬ 
fore, there muft have been a farther addition made 
of this kind of air in the procefs. 

After heating turnings of malleable-iron in a quan¬ 
tity of fixed air for fome time, I examined a part 
of it, and found that about one tenth of the whole 
was immifcible with water. Having refumed die 
procefs with the remainder, I found a refiduum of 
one fourth of the whole. There feemed to be a 
fmal1 addition to the quantity of air after the firft 
part of the procefs, but I could not perceive that 
there was any after the fecond. I refumed the pro¬ 
cefs a third time, but did not find that I had made 
more than one fourth of the whole immifcible with 
water. At another time I heated the fame kind of 
iron in fixed air, till of three ounce meafures and 
three quarters of air there was a refiduum of 0.8 
of a meafure, which was (lightly inflammable, burn¬ 
ing with a blue flame; and in this cafe there was no 
fenfible addition to the quantity of air at all. Laft- 
ly, I heated iron in three ounce meafures of fixed air 
till there was an addition of 0.4 of a meafure to the 

quantity 
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quantity of it; but there was a refiduum of one 
meafure and a half not abforbed by water, which 
burned with a (lightly explofive blue flame. 


SECTION III. 

Mifcellaneous Qbfervations on the Properties of fixed Air . 

1. The Acidity of fixed Air . 

jP IX E D air itfelf may be faid to be of the nature 
-*■ of an acid, though of a week and peculiar fort. 
Mr. Bergman of Upfal, who honoured me with a 
letter upon the fubje<£t, calls it the aerial acid , and, 
among other experiments to prove it to be an acid, 
he fays that it changes the blue juice of tournefole 
into red. This Mr. Hey found to be true, and he 
moreover difcovered that when water tinged blue 
with the juice of tournefole, and then red with fixed 
air, has been expofed to the open air, it recovers its' 
blue colour again. Mr. Bewley proved in the molt 
decifive manner, the acidity of fixed air, in the Ap¬ 
pendix to the fecond of my former volumes of Ex¬ 
periments, p. 382. 


a. Fixed 
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2. Fixed Air expelled from Water by boiling. 

The heat of boiling water will expel all the fixed 
air, if a phial containing the impregnated water be 
held in it; but it will often require above half an 
hour to do it completely. 

J. The freezing of Water impregnated with fixed Air. 

Having fucceeded in making artificial Pyrmont 
water, I imagined that it might be pofiible to give 
ice the fame virtue, efpecially as cold is known to 
promote the abforption of fixed air by water; but 

m this I found myfelf quite miftaken. I put feve- 
ral pieces of ice into a quantity of fixed air, con¬ 
fined by quickfilver, but no part of the air was ab- 
forbed in two days and two nights j but upon bring¬ 
ing it into a place where the ice melted, the air was 
abforbed as ufual. 

I then took a quantity of ftrong artificial Pyrmont 
water, and putting it into a thin glaf> phial, I fet it 
in a pot that was filled with fnow and fait. This 
mixture inftantly freezing, the water that was conti¬ 
guous to the fides of the glafs, the air was dif- 
charged plentifully, fo that I catched a confider- 
able quantity, in a bladder tied to the mouth of the 
phial. 
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I alfo took two quantities pfthe fame Pyrmont 
water, and placed one of them where it might freeze, 
keeping the other in a cold place, but where it 
would not freeze. This retained its acidulous tafte, 
though the phial which contained it was not corked • 
whereas the other being brought into the fame place* 
where the ice melted very flowly, had at the fame 
time the tafte of common water only. That quan¬ 
tity of water which had been frozen by the mixture 
of fnow and fait, was almoft as much like fnow as 
ice, fuch a quantity of air-bubbles were contained 
in it, by which it was prodigioully increafed in 
bulk. 

4. Fixed Air , how offered by Iron Filings and Sulphur. 

Having obferved a remarkable change in nitrous 
air, by a mixture of iron filings and fulphur, I 
wilhed to know whether any alteration would be 
made in the conftitution of fixed air, by the fame 
means. I therefore put a mixture of this kind into, 
a quantity of as pure fixed air as I could make, and 
confined the whole in quickfilver, left the water 
fiiould abforb it before the effe&s of the mixture 
could take place. The confequence was, that the 
fixed air was diminifhed, and the quickfilver rofe in 
the' velfel, till about the fifth part was occupied by 
it; and, as near as I couldjudge, the procefs went 
* on, 
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on. In all refpefis, as if the air in the iniide had 
been common air. 

What is molt remarkable, in the refult of this 
experiment, is, that the fixed air, into which this 
mixture had been put, and which had been in part 
diminifhed by it, was in part alfo rendered infolu- 
ble in water by this means. I made this experi¬ 
ment four times, with the greateft care, and ob- 
ferved, that in two of them about one fixth, and 
in the other two about one fourteenth, of the oriefi, 
nal quantity, was fuch as could not be abforbed by 
water but continued permanently elaftic. Left I 
ibould have made any miftake with refpe£l to ^ 
purity of the fixed air, the laft time that I made the 
experiment, I fet part of the fixed air, which I 
made ufe of, in a feparate vefifel, and found it to 
be exceedingly pure, fo as to be almoft wholly ab¬ 
forbed by water; whereas the other part, to which 
I had put the mixture, was far from being fo. 

Iron filings and brimftone, I have obferved, fer¬ 
ment with great heat in nitrous air, and I have fince 
obferved that this procefs is attended with neater 
heat in fixed air than in common air 


5- Iren in fixed Air. 


Though fixed air incorporated with water dif, 
folves iron, fixed air without water has no fuch 

power. 
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power, as I obferved before. I imagined that, if it 
could have difiolved iron, the phlogifton would have 
united with the air, and have made it immifcible 
with water; but after being confined in a phial full 
of nails from the 15th of December to the 4th of 
October following, neither the iron nor the air ap¬ 
peared to have been affe&ed by their mutual con- 
tad. 


6. Fixed Air changed by Incorporation with JVater. 

Mr. Cavendifh obferved that a certain portion of 
fixed air is no more liable to be ablorbed by water 
than common air. This, he ftates at about one 
fixtieth part of the whole. I had the curiofity to 
try, whether, if I faturated a quantity of water with 
fixed air, and expelled it again by heat, that very 
air which had adtually been in the water, would not 
be wholly imbibed by frefh water ; and whether I 
could not, by this means, get a purer kind of fixed 
air than that which is immediately procured by 
means of chalk and oil of vitriol. This experiment 
I made twice, with all the' care that I could apply, 
and found, in both the cafes, that even the fixed 
air which had been in the water, contained as large 
a portion ot that which would not be imbibed by 
water again, as the air which had been immediately 
dillodged from chalk by oil of vitriol. 


In 
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In order to be more fure of this fa<ft, I was more 
efpecially careful, the fecond time that I made the 
experiment, to ufe every precaution that I could 
think of, in order to prevent any error in the con- 
clufion. For this purpofe, I took rain-water, and 
boiled it about two hours, in order to get it perfectly 
free from air j and I began to impregnate it with 
fixed air a long time before it was cold, and there¬ 
fore before it could have imbibed any common air ; 
and, in order to expel the air from it, I put it into 
a phial, which I plunged in a vefiel of water fet on 
the fire to boil, taking care that both the phial con¬ 
taining the impregnated water, and the glafs-tube 
through which the air was to be tranfmitted, were 
completely filled with the water, and no vifible 
particle of common air lodged on the furface of it. 

I alfo received the expelled air in water, which con¬ 
tained very little air of any kind, left the very fmall 
degree of agitation which 1 made ufe of, in order to 
make the water re-imbibe the air, fhould difengage 
any air from it. Alfc, that lefs agitation, and lefs 
time, might be fufficient, I chiefly made ufe of lime- 
water for this purpofe. But notwithftanding all 
thefe precautions, I found a very confiderable refi- 
duum of air, not lefs than Mr. Cavendifh had ftated, 
that water would not imbibe. 

At a time when this refiduum of fixed air hardly 
gave the leaft fenfible whitenefs to lime-water, I 

examined 
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examined the ftate of it, and found, by the teft of 
nitrous air, that it was very little worfe than com¬ 
mon air; two meafures of this air, and one of ni¬ 
trous air, occupying the fpace of two meafures 
only. 

7. Fixed Air expofed to Heat. 

I expofed fixed air, as well as all the other kinds 
of air, to a continued heat, and in this'cafe I made 
ufe of a green glafs tube. I kept it in hot fand a 
whole day, fo hot that one end of the tube was 
much dilated, but had not burft. Opening it under 
water, one half of the tube was inftantly filled, and 
the remainder was the pureft fixed air. I did not ~ 
perceive any thing depofited on the glafs, as in the 
cafe of die marine and vitriolic acid air* 

8. A Source of Deception from fixed Air , contained 
in Water . 

I obferved that, in one produce of air from 
a foluuon of bifmuth in the nitrous acid, 1 found a 
fmall quantity of fixed air, but that when 1 repeat¬ 
ed the experiment, I could not find any appearance , 
of the kind. I afterwards made an obfervation 
that will probably explain this diverfity of appear¬ 
ances, and which alfo Ihews that, unlefs care be 

taken 
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taken that the water in which the experiments are 
made contain little or no fixed air, miftakes of 
this kind will certainly be made. For I found at 
one time that, if any kind of air was made to pafs 
through a quantity of water containing much fixed 
air, it would attraft a portion of it, and would not 
eafily part with it afterwards. At another time, 
however (I think it was in colder weather) I found 
that air conveyed through the fame kind of water 
(which was from a pump) did not attract any fixed 
air. But I have not had leifure to examine the cir- 
cumftances that might occafion this difference. Of 
both the fafts I am very certain. 

9. Of fixed Air in acetous Fermentation . 

As many of my obfervations related to the 
vinous and putrefaftive fermentations, I had the 
curiofity to endeavour to afeertain in what man¬ 
ner the air would be affected by the acetous fermen¬ 
tation. For this purpofe I inclofed a phial full of 
fmall beer in a jar Handing in water ; and obferved 
that, during the firft two or three days, there was 
an increafe of the air in the jar, but from that time 
h gradually decreafed, till at length there append 
to be a diminution of about one tenth of the whole 
quantity. 


During 
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During this time the whole furface of the liquor was 
gradually covered with a fcum, beautifully corrugated. 
After this there was an increafe of the air till there 
was more than the original quantity ; but this mud 
have been fixed air, not incorporated with the reft of 
the mafs; for, withdrawing the' beer, which I 
found to be four, after it had ftood 18 or 20 days 
under the jar, and palling the air feveral times 
through cold water, the original quantity was dimi- 
nifiied about one ninth. In the remainder a can¬ 
dle would not burn, and a moufe would have died 
prcfently. 

7 he fmell of this air was exceedingly pungent, 
but different from that of the putrid effluvium. 

10. Fixed Air from putrefying animal Subfiances. 

When I made my experiments on air affedted by 
putrefaction^ I obferved that the water in which the 
mice were fuffered to putrefy, muft have tranf- 
mitted fome volatile effluvium from the putrefyino- 
fubftances, into the furrounding air. This I ftmt 
pofed muft be phlogifton, which putrefying fub- 
ftances certainly do emit, loaded with that matter 
which affedts the noftrils with the fenfe of fmell, 
concerning which I know nothing. But befides 
this, I have found that, by this means, water be¬ 
comes thoroughly impregnated with fixed air y dif- 
eharged, no doubt, from the putrefying fubfcance. 

That 
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That this water might have got fame fixed air I fuf- 
pe6ted; but to find that it had got fo very much, 
I own furprized me. 

Having put two dead mice into a quantity of wa¬ 
ter, and examining the procefs after a month, I found 
that the water was ftrongly impregnated with a pu¬ 
trid effluvium, which was very offenfive, and that 
fome air, unabforbed by the water, lodged in the top 
of the phial; it having been filledwith water, and in¬ 
verted in a bafon of the fame. With the impreg¬ 
nated water I filled a phial with a ground ftopper 
and tube, and making it boil, I expelled from it about 
its bulk of air, which, when examined, was found 
to be all pure fixed air. N. B. The water was very 
turbid, and during the procefs it depofited a white 
matter, refembling a foft mucilage, with fome fmall 
fpecks of black in it. 


part 
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Part iv. 

OF TrfE CONSTITUENT PRINCIPLES OF FIXED AIR, 


SECTION I. 

Fixed Air contains Water . 


TP HAT water is an effential ingredient in the 
A conftitution of fixed air, as well as probably 
of all kinds of air, is demonftrated by my experiments ~ 
on terra fenderoJa aerata ; and thefe may ferve to ex¬ 
plain fome of the following more early obfervations 
on getting fo litde air from chalk t 

Heat, I obferved, fometimes is able to expel but 
very little air from chalk. I kept a very fmall 
quantity of chalk in the focus of a burning lens 
twelve inches in diameter, and twenty inches focal 
diftance, more than half an hour, when the fun was 
near its greateft altitude, on the a 3 d of July, but 
notwithftanding this long expofure to fo intenfe a 
degree ot heat, it feemed to give as much fixed 
air when thrown into a veflel of water, acidulated 
with oil of vitriol, as an equal quantity of chalk 
which had not been expofed to anv heat at all. Of 
Vot - L K this 
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this, however, I only judged by the vifible efferves¬ 
cence, and did not make any attempt to mealure 
the produce of air, in -order to afcertain the effect 
of thefe different circumftances with accuracy. I 
have alfo kept chalk more than a quarter of an hour 
in the ftrongeft heat of a Smith’s forge, in a crucible, 
without making any fenfible alteration in it. 

When I put a quantity of chalk into a tall glafs- 
veflel, and kept it in as ftrong a land-heat as it would 
bear, without melting, I extrafted from it only 
about its own bulk of air j and this was fixed air. 

Terra ponderofa aerata (a fubffance of which Dr. 
Withering has given us an excellent analyfis) 
gives no fixed air by mere heat. But I find, that 
when fteam is lent over it, in a red heat, in an 
earthen tube, fixed air is produced with the greateft 
rapidity, and in the fame quantity as when it is dif- 
fiolved in Spirit of fait: and, making the experiment 
w ith the greateft care, I find, that fixed air confifts 
of about half its weight of water. 

From two ounces of the terra ponderofa I g°t> 
by means of fteam, 190 ounce meafures of fixed air, 
fo pure that at firft 150 ounce meafures of it were 
reduced by agitation in water to three and a half, 
and of the laft produce, 30 ounce meafures were 
reduced to one. Examining the refiduum of the 
firft portion by means of nitrous air, I found it to 
be of the ftandard of 1.5. 

After 
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After this, attending to the water expended in 
the procefs, I found that I procured 330 ounce mea- 
fures of fixed air with the lofsof l6o grains of wa¬ 
ter. According to this, as the air weighed 294 
grains, the water in the fixed air muft have been 80 
parts of 147 of the whole. 

In another experiment, having previoufly found 
that three ounces of the terra ponderofa yielded about 
250 ounce meafures of fixed air, I attended only to 
the lofs of water in procuring it, and I found it to 
be about one fifth of an ounce, in two fuccefiive 
trials. The quantity of fixed air would weigh 225 
grains, and the water expended about 100 grains; 
fo that, in this experiment alfo, the fixed air muft 
have contained about one half of its weight of 
water. 


That water enters into the compofition of fixed 
air, and adds conliderably to its weigh,- is farther 
probable from the folution of terra ponderofa in 
fpirit of fait. Becaufe when the folution is evapo¬ 
rated to drvnefs, and the refiduum expofed to a red 
heat, the weight of the air, and of this refiduum, 
exceeds that of the fubftance from which it was pro- 
curec , and ,t is probable, that a red heat would 
expel any marine acid adhering to it. 

Forty eight grains of terra ponderofa diffolved in 
• Ipirit of fait, and then evaporated to drynefs, and 
K 2 expofed 
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cxpofed to a red heat, loft four grains, and yielded 
eight ounce meafures of fixed air, which would 
weigh 7.2 grains; confequently, three fevenths of 
the weight of the air was fomething that had been 
gained in the procefs, and therefore probably water. 

The near coincidence of the refults of thefe dif¬ 
ferent experiments is remarkable, and makes it al- 
moft certain, that no marine acid is retained in the 
terra ponderofa that has been diffolved in it, after 
expofure to a red heat; that the generation of the 
fixed air carries off part of the water in the menftru-. 
um, and that this part of the weight is about one 
half of the whole. 


SEC- 
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SECTION 11. 

Fixed Air may be procured by Means of nitrous Acid . 

T HAT nitrous acid , and fixed air y confift of 
the fame elements, differently combined, will 
be demonftrated by my experiments on the fub- 
je< 5 t of nitrous acid, and this may throw fome 
light on- the following more early experiments. 

When heat can expel no more fixed air from 
charcoal, it Ihould feem that fpirit of nitre (if this- 
acid itfelf be not converted into fixed air) can ex¬ 
tract more from it. For when I diffolved, in fpirit 
of nitre, fome pieces of charcoal, which had been 
made with the ftrongeft heat of a fmith’s fire, long 
continued, fo that no more air could be expelled 
from them by that means j part of it was evidently 
fixed air, as appeared by its precipitating lime in 
lime-water. 

One of the moft decifive experiments of this kind, 
was made with fpirit of wine, which nobody, I 
believe, fufpe&s to contain any fixed air. For 
though it makes lime-water turbid, Dr. Black has 
juftly obferved, that this is produced by its union 
with the water 3 in confequence of which the lime 
K j is 
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is precipitated in a cauftic ftate. A doubt, how¬ 
ever, might be made, whether the turbid appear¬ 
ance made by the air which I produced from the 
fpirit of wine, was really the effect of fixed air. 
I endeavoured, therefore, and with fuccefs, to pur- 
fue the experiment farther, and I did it in the fol¬ 
lowing manner: 

From a mixture of fpirit of wine and fpirit of 
nitre, diluted with water, I produced a very con- 
fiderable quantity of air, the greateft part of which, 
being received in a large body of lime-water, was 
readily abforbed, making the water very turbid. 
Waiting about a quarter of an hour, till the preci¬ 
pitated matter fubfided, I poured the water from 
it, and putting a very fmall quantity of the jareci- 
pitate into fome water out of which the air had been 
well boiled, I poured a little diluted oil of vitriol upon 
it, in a phial with a ground ftopper and tube, and 
found it to yield air in great plenty; and this air, 
being admitted to lime-water, appeared to be, in all 
refpe&s, genuine and pure fixed air. 

By this experiment it appears, that the fubftance 
formed by the union of this air and the lime was 
really chalk, or lime-ftone, yielding genuine fixed 
air with acids, exactly as other calcareous fubftances 
do. The air was firft generated from fpirit of ni¬ 
tre, and fome other principle contained in the fpi¬ 
rit of wine : it was then incorporated with lime, 

..and* 
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and after that diflodged from the lime by the vitri¬ 
olic acid, and made to appear in the form of air 
again. 

Fixed air was alfo generated in the folution of 
iron in fpirit of nitre. 

Having difiolved a quantity of iron in fpirit of 
nitre, diluted with an equal quantity of water, be¬ 
fore the effervefcence was over I removed the vef- 
fel in which it was contained (which was a tall glafs 
phial) into a fand-heat, and received the air, which 
was tranfmitted through a glafs tube, luted with a 
mixture of fand and clay, in phials containing rain 
water. The quantity of air produced in thefc 
circumftances was very confiderable, and part of 
it was unqueftionably fixed air, and what is re¬ 
markably to the purpofe of the experiment, the 
proportion of fixed air kept increafing as the pro- 
cels advanced, till at the laft it was more than one 
third of the whole. All the reft of the air was 
nitrous, and after the procefs fome of the iron 
was found undifTolved, 
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SECTION III. 

Fixed Air may be formed by Means of fomething im¬ 
bibed from the yltmofphere. 

TT is evident, that the lolutions of fome of the 
metals in the nitrous acid, which do not imme¬ 
diately yield any fixed air, will do fo after they 
have been expofed to t}ie common atmofphere. 
This appears in the following experiment: 

Upon 108 grains of quicldilver I poured the 
fame weight of ftrong fpirit of nitre, hanging 
balanced in a pair of feales j when I obferved that 
the mixture loft weight by the efcape of air, till it 
was reduced to 123 grains. After this it gained 
weight, till it was confiderably more than the ori¬ 
ginal quantity, but how much this additional weight 
was I negle&ed to take any account of. The 
mixture was made on the 25 th of September, and 
when it had ftood in an open and Ihallow vefiel 
till the 12th of January following, J diftilled the 
whole of it to drynefs, in a glafs phial; when I 
found that one feventh of the air produced from 
it was fixed air, and the reft dephlogifticated. I 
took in all, feven ounce, meafures, but loft a good 
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deal that efcaped by the Kiting, and by the vefiel 
breaking before the procefs was over. 

I then put the fame quantity of quickfilver and 
fpint of nitre into a clean phial, and dialling it to 
drynefs immediately , without giving it any oppor¬ 
tunity of communicating with the external air (but 
not beginning the diftillation till the folution was 
completed) I received in all thirty two ounce mea- 
fures of air, of which the firft fourteen were pure 
nitrous air, and the remainder pure dephlogifticated 
air, without the lead mixture of fixed air in either 
of them. 

Wood-afhe* have alfo the property of imbibing 
one of the elements of fixed air from the common 
atmofphere, but they require confiderable time to 
do tliis, in any very fenfible degree; for when 
they had been well burned, I have not found that 
they yielded any air that I could colle<5t after being 
expofed to the open air a day or two; but that 
they do become faturated with fixed air in a courfe 
of time, is evident from the following experi¬ 
ment. 

From about three quarters of an ounce meafure 
of wood-alhes, f rom which I had, about three 
months before, expelled as much air as I poffibly 
could, by the greateft heat of a common fire, urged 
with ’a pair of bellows, in a gun-barrel of about 
half an inch diameter, I got by the fame procels 

fifteen 
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fifteen ounce meafures of air, eleven of which were 
completely abforbed by water, and the remain¬ 
der burned with a lambent blue flame. The phlo- 
gifton requifite for this appearance might come 
either from the gun-barrel, or from fome imper¬ 
ceptible bits of charcoal contained in the afhes. 

From twice the quantity of wood-afhes, which 
had been burned about the fame time with the 
others, in a much wider gun-barrel, I got about 
twice the quantity of air, the greateft part of which, 
as in the former experiment, was fixed air, and 
the remainder burned with a lambent blue flame. 

Having taken this air in feveral portions, I ob- 
ferved that the firft contained a much greater pro¬ 
portion of fixed air than the laft, though what there 
was of it feemed to be equally inflammable. 

A more decifive experiment relating to the gene¬ 
ration of fixed air than that which is mentioned 
above with wood-ajhes , is one that I made with the 
ajhes of pit-coal. Pit-coal itfelf, diftilled in a glafs 
veflel, yields no fixed air, but only inflammable 
air, which, being fired in a wide-mouthed jar, burns 
with a bright lambent flame, without explofion. 
But die afhes of the fame pit-coal yielded much 
air, of which one half was fixed, and the reft in¬ 
flammable. When I had expelled all the air that 
I could from a quantity of thefe afhes, I mixed 
fpirit of nitre with them, and they immediately 

yielded 
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yielded as much air as before ; and of this one 
half was fixed, and the reft nitrous, l^ixing more 
fpirit of nitre with the fame allies again, the pro¬ 
duce was the fame as before. 

To be more fully fatisfied with refpeft to the 
above-mentioned experiment with wood-alhes, and 
alfo the quantity of fixed air imbibed by them in. 
a given time, I kept the fame allies, and extracted 
air from them at certain intervals. I alfo did the 
fame thing with feveral other fubftances of a fimilar 
nature, and the refults were as follows. 

On the 18th of April, 1778, I extracted all the 
air I could from half an ounce of wood allies, and 
got about eighty ounce meafures, half fixed air, and 
half inflammable throughout; and on the 25th of 
the fame month I repeated the procefs on the fame 
allies, in a gun-barrel, and got from them twenty 
ounce meafures of air, the greateft part of which 
was fixed air, and the reft inflammable. The 
alhes were become almoft black after the experiment. 

June the 2d, I extracted, by heat, in a gun- 
barrel, from wood alhes from which air had often 
been extracted before, in the fame manner, and 
the laft time on the 9th of May preceding, all the 
air that they would yield. It was twenty one 
ounce meafures; the firft portions of which were 
half fixed air, and afterwards one third; the re¬ 
mainder 
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mainder in both cafes being inflammable, probably 
from the iron. A good deal of moifture diftilled 
from thefe afhes, though they feemed to be per¬ 
fectly diy. After the procefs, they weighed eigh¬ 
teen penny-weights, and, judging from their colour, 
not much more than two thirds of them had been 
afFeCted by the heat. 

On the 23d of October following, the fame wood 
allies weighed nineteen penny-weights twelve grains, 
and I got from them, in a gun-barrel, about thirty 
ounce meafures of air, of which more than twenty 
five ounce meafures was pure fixed air, the remain¬ 
der inflammable, burning with a blue flame. They 
had not all been equally affeCted by the heat. Af¬ 
ter the procefs, they weighed eighteen penny-weights 
fix grains. That they had attracted fixed air is 
evident, efpecially from the laft procefs, in which 
the greateft part of it was very pure. 

On the 18th of April, 1778, I got, from an 
ounce of pit-coal ajhes , in a gun-barrel, nineteen 
ounce meafures of air, of which at firft two thirds, 
and at the lafl one third was fixed air, and the 
reft inflammable. On the 24th of the fame month, 

I extracted from the fame pit-coal allies (which, 
as well as the wood afhes in the preceding experi¬ 
ment, had been expofed to the open air in a dilh, 
foasto lay about half an inch thick) no ounqtf 

meafures 
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meafures of airj but with more heat than before. 
Of the firft part of this air one third was fixed air, 
but of the laft hardly any, the remainder bein<* in¬ 
flammable, burning with a blue flame j but fo 
faintly, that probably the greateft part of it was 
phlogifticated air. 

Heating the fame afhes over again, in a (hallow 
iron veflel, and letting them cool, I got from them, 
by the fame procefs, fifteen ounce meafures of air, 
one third of which was fixed air, and the reft in¬ 
flammable. 

Common pit-coal, I have obferved, yields no 
fixed air, though the afhes do; but I have found 
that one fpecies of pit-coal, called Bovey coal, yields 
fixed air in the firft inftance, which feems to indi¬ 
cate that there is fomething of a vegetable nature 
in that coal. From half an ounce of this coal I 
got, in a gun-barrel, about an hundred ounce mea¬ 
fures of air, three fourths of which was fixed air 
throughout, and the remainder inflammable; the 
firft part of it burning with a bright white flame, 
like inflammable air from common pit-coal, the 
laft P art exploding like inflammable air from 
metals, only more faintly. Part of this air had 
probably come from the gun-barrel. 

Bone afhes, I found, had not the fame pro¬ 
perty of drawing fixed air from the atmofphere 

that 
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that the afhes of vegetable and minerable fubftances 
have ; but that the addition of fpirit of nitre gives 
them that property. 


SECTION IV. 


Of the Generation cf fixed Air from the vitriolic Acid\ 


T Had an evident proof of the generation of fixed 
air from the vitriolic acid united with fpirit of 
wie, or with ether, which is produced from them 
both ; lo that thefe two acids, viz. the vitriolic and 
nitrous, agree in being capable of forming both 
dephlogifticated and fixed air. 


After going through the procefs for making 
ether, from concentrated oil of vitriol and rectified 
fpirit of wine, I had the curiofity to pufii the pro¬ 
cefs as far as it -Cvould go, in order to examine 
whether any kind of air would be yielded in any 
ftage of it. I therefore continued the delation 
till the whole refiduum was converted into a black 
mafs, full of grofs matter; and taking as much 
of the black lumps as filled about one fifth of an 

ounce 
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ounce meafure, I put them into a tall glafs veflel, 
and diftilled them to drynefs in a red hot fand heat. 

The firft air that came over was the common 
air a little phlogifticated, then the vapour of the 
watery part, and after that a large quantity of air, 
at firft clear, but towards the middle of the pro- 
cefs very turbid and white, but clear again at the 
laft. I received in all about a pint and a half, in 
four portions, each of which contained about four 
fifths of fixed air, and the reft inflammable, burn¬ 
ing with a blue flame; but the proportion of fixed 
air was fomething greater in the middle portions 
than either in the firft or the laft. I thought it 
poftible that the cork, with which, as well as 
with clay and fand, the glafs tube was joined to 
the glafs veflel that contained the materials, might 
fupply the inflammable air in part, as I perceived 
it was corroded and become black. It may be 
worth while to repeat this procefs in a glafs retort. 

Having gone over this procefs with fpirit of 
wine, I recolle&ed the black matter that was pro¬ 
duced when I got vitriolic acid air from vitriolic 
acid and ether; and therefore determined to repeat 
that procefs and carry it farther; to fee whether 
I fhould, in any part of it, get fixed air, as in the 
preceding experiment with the fpirit of wine. 

I therefore pot one eighth part of vitriolic ether 
to a quantity of frclh diftilled oil of vitriol, and 
1- in 
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m a glafs phial with a ground-ftopper and tube, 
and with the heat of a candle, I got from it a 
great quantity of air, part of which was vitriolic 
acid air, which was abforbed by the water. But I 
obferved, as the procefs advanced, the part that 
was not readily abforbed by water kept increafing, 
till at length the greater part of the produce was 
of this kind; and in the middle of the procefs it 
was very turbid. Examining this air it appeared 
to be fixed air, making lime water turbid, and 
being readily abforbed by water ; but there was a 
refiduum of phlogifticated air, about one fixth of 
the whole. 


I then put the remaining materials, which were 
about an ounce meafure, into a glafs velfcl; and 
with afand heat I collected much more air than 
before, about two pints in all, the firft part of 
which was the pureft fixed air I had ever feen, 
having the fmalleft refiduum. The laft portion 
had more refiduum, and this burned with a lam¬ 


bent blue flame. But this inflammable matter 
might poflibly come from the cork with which 
the veflel was clofed, as before; though I think 
it not fo probable. At laft the procefs was inter¬ 
rupted by an accident; but I concluded, from feve- 
ral circumftances, efpecially from the time that 
elapfed before the vapour ceafed to iflue from the 
orifice of the veflel, (which continued buried in the 


hot 
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hot fand) that more than twice the quantity of air 
might have been colle&ed. The air had been 
very cloudy before the laft portion, which contained 
the refiduum of inflammable air. 

From this experiment, efpecially that with the 
ether, in the glafs phial and ground ftopper, I 
think it is pretty evident, that fixed air is a fatti- 
tious fubjlance y and that the vitriolic, as well as the 
nitrous acid, may be converted into if. 


SECTION V. 

Of the Compofition of fixed Air from dephlogifticated 
Air y and Phlogifion , by the Generation of it front 
heating together Subftances containing each of them. 

T Have feveral times given it as my opinion, 
X that fixed air is a factitious fubftance, and a mo¬ 
dification of the nitrous and vitriolic acids, my 
former experiments greatly favouring that conclu- 
fion i but that it was compofed of dephlogifticated 
air and phlogifton, though maintained by my 
friend Mr. Kirwan, I was far from being fatisfied 
with, till I was forced to confent to his proof of it 
Vol. I. L from 
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from my own former experiments, and gave him 
leave to mention it, as he has done in his late 
excellent paper on fairs. But I have lately had 
two direct proofs of it by experiment. 

The firft experiment which feemed to prove that 
fixed air may be compofed of dephlogifticated air 
and phlogifton, was made with charcoal and red 
precipitate, the charcoal being made with fo great 
a degree of heat* that no fixed ajr could be ex¬ 
pelled from it* not even when it was wholly dif- 
perfed by the heat of the fun in vacuo. This 
experiment is certainly, however, not fo conclufive 
as the former; becaufe, fince dry wood and im¬ 
perfectly made charcoal yield fixed air, it may be 
faid that all the elements of this kind of air were 
contained in the molt perfect charcoal. And 
though this fubftance alone will not, even with the 
afliftance of water, give fixed air, it might be faid, 
that this might be effected by its treatment with 
other fubftances, without their imparting any thing 
to it *, efpecially as the inflammable air which is 
procured from charcoal by means of water appears 
to contain fixed air, when decompofed with de¬ 
phlogifticated air. I think, however, that I have 
proved that this fixed air is really a compofition of 
phlogifton contained in charcoal, and of the de¬ 
phlogifticated air with which it was inflamed, the 
charcoal contributing nothing to it befide its phlo- 
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gifton. In this place I fliall only recite the fads 
concerning the production of great quantities of 
fixed air from perfeCt charcoal and red precipitate. 

In order to expel all fixed air, I ma d e a quan¬ 
tity of perfect charcoal from dry oakj and while 
it was hot I pounded it, and immediately mixing 
four meafures of it with one of red precipitate, 
and putting them into an earthen retort, I prefently 
got, in no greater a degree of heat than was necef- 
fary to revive the mercury, a large quantity of 
air, half of which was fixed air. Afterwards the 
proportion of fixed air was lefs, and towards the 
conclufion of the experiment there came no fixed 
air at all. This refiduum was a little better at the 
firft than at the laft, when it was of the ftandard 
of 1.5. 

As this air contained a greater portion of phlo- 
gifticated air than the common air of the atmofphere, 
and no fpirit of nitre, or any thing that could yield 
Spirit of nitre, was concerned in the experiment, it 
fhould feem that phlogifticated air may be com- 
poled of phlogifton and deplogifticated air; though 
this compofuion, according to the very capital dif- 
covery of Mr. Cavendilh, may be reduced to fpirit 
of nitre, or rather become one element in the 
compofition of that acid. 

•In another experiment I hit upon a better pro¬ 
portion of the charcoal and red precipitate for 
L 2 making 
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making pure fixed air. For mixing one ounce 
of red precipitate (which- all chemifts, I believe, are 
agreed to be the lame thing with precipitate per Je) 
and one ounce of perfeft charcoal, frefh from the 
retort in which it was made; and putting them 
into a coated glals vefiel, I procured from the 
mixture, by heat, about thirty ounce meafures of 
air, the whole of which was the pureft fixed air, 
leaving only about one fortieth part not abforbed 
by water, and this not inflammable, but of the 
Jlandard of 1.7, or almofl perfectly phlogifticaSed. 

This experiment made me recoiled :hofe which 
I had formerly made with charcoal heated in nitrous, 
acid, in which I had always procured a quantity 
of fixed arr. I therefore repeated the experiment 
with fome of the fame charcoal which I had tiled 
in the preceding experiment, on the' goodnefs of 
which I could depend; and I found that, when it 
was heated in the acid, in a glals phial with a 
ground Hopper, it gave air, one fifth of which was 
fixed air. At another time I got air in this pro- 
cefs, one half of which was fixed air. To the 
formation of this air, I prefume, that the phlogifton 
from the charcoal and the dephlogifticated air, 
which is known to be produced by heating nitrous 
acid, mull have contributed. 

Being then apprized of the objection that might 
be made to the ufe of charcoal\ as, notwithftanding 

the 
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the great heat with which it was made, containing 
at lead the elements of fixed air, I made ufe of 
iron, to which no fuch objection could be made; 
and mixing an ounce of the red precipitate with 
an ounce of iron filings, and then heating them in 
a coated glafs retort, I got twenty ounce meafures 
of air, of which only one feventh remained unabforbed 
by water. The refiduum was of the ftandard of 
1.52, but (lightly inflammable.. 

Again, from half an ounce of red precipitate, and 
half an ounce of iron filings, I got twenty fix ounce 
meafures of air, of which the firft part was pretty 
pure fixed air; but afterwards one tenth of it re¬ 
mained unabforbed by water. Then, increafing 
the proportion of iron, I mixed one ounce of red 
precipitate with two ounces of iron filings, and got 
about forty ounce meafures of air, of the firft por¬ 
tions of Vhich only one twentieth was unabforbed by 
water, though towards the conclufion of the procels 
this refiduum was greater. In this procefs I got, in 
the whole, thirty fix ounce meafures of pure fixed 
air, completely abforbed by water, befides what 
was abforbed both in the firft reception of the air 
(which was in veffHs containing water) and after¬ 
wards in transferring this air into thofe velfels in 
which the quantity of it was noted, the whole of 
which I fuppofe might be about four ounce meafures 
more. Examining the firft refiduum of this pro- 
L3 
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cefs by nitrous air, the ftandard of it was i .6, and 
afterwards 1.7*. 

Having heard that it was obje&ed to this expe¬ 
riment, that iron contains a quantity of plumbago , 
and that the fixed air which I procured might come 
from that ingredient in it (though the quantity was 
certainly much too great to be accounted for in that 
way) I made ufe of other metals, to which no fuch 
objection could be made, viz. brajs and zinc, and 
with the fame refult. 

With two ounces of brafs dud I mixed one ounce 
of red precipitate, and in a coated glafs retort I got 
from it a quantity of air, two thirds of which was 
fixed air. The ftandard of the refiduum was 0.6 5 
fo that there had been too great a proportion of the 

* It appeared, in fome of thefe experiments, that three ounce 
meafures of dephlogifticated air go into the compofition of two 
ounce meafures of fixed air. For one ounce of this red precipitate 
gave fixty ounce meafures of dephlogifticated air ; and when mixed 
with two ounces of iron filings, it gave about forty ounce meafures 
of fixed air that were actually abforbed by water, befideg a refidu¬ 
um that was inflammable. I had the fame proportion when I ufed 
half an ounce of each of the materials. But when I ufed one ounce 
of each, I got only twenty ounce meafures of fixed air, including 
the refiduum. At other times I had different proportions with dif¬ 
ferent quantities of iron filings and charcoal. 

It muftbeobferved, however, that part of the fixed air is always 
imbibed by the water in which it is firft received. Otherwife, in 
this experiment, the fixed air would have weighed no more than 
the dephlogifticated air in the compofition of it; ^ at nothing 
would be left for the inflammable air. 
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red precipitate. But fixed air was produced in a 
quantity abundantly fufficient for my purpofe. 

In a coated glafs retort, I put a mixture of one 
ounce of red precipitate and one ounce of filings of 
zinc, and got fome air, part of which was clearly 
•fixed air; but the retort very foon cracking, put an 
end to the experiment, and I did not think it necef- 
fary to repeat it. I imagine, however, that it will 
only be at the beginning of this procefs that much 
fixed air can be procured, unlefs more precaution 
be ufed in conducing it. For the neck of the re¬ 
tort breaking quite off, there ifiued from it a ftrong 
flame, which evidently arofe from the burning of 
the zinc in the dephlogillicated air from the preci¬ 
pitate. 

As turbeth mineral gives dephlogifticated air, as 
well as red precipitate, I mixed this fubftance with 
iron filings, and had a fimilar refult, when I heated 
them together in an earthen retort. One ounce of 
the turbeth mineral with two ounces of iron filings, 
yielded about fixteen ounce meafures of air, of 
which about one third was fixed air, and the reft of 
theftandardof 1.5. 

Another experiment which feems to prove the 
formation of fixed air from phlogiftion and dephlo¬ 
gifticated air, is the expulfion of it from that black 
powder which is formed by the union of lead and 
mercury. This powder, I have obferved, can only 
L 4 be 
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be made in pure air, which is no doubt abforbed by 
the metals; and this being again expelled by heat, 
together with the phlogifton which had belonged to 
the lead, is that, I prefume, which forms the fixed 
air that is found in this procefs. 

When I began to make obfervations on this black 
powder, I mentioned my having expelled fbme 
fixed air from it. This was from fuch powder as 
I had found ready made j and therefore, not know¬ 
ing with certainty what the compofition of it was, 
I difiolved one ounce of lead in pure mercury, and 
rhcn expelled it again in the form of this black pow¬ 
der, which, when the running mercury was pretty 
carefully prefled out of it, weighed about twelve 
ounces. Then expofing it to heat, in a coated glafs 
retort, I got from it about twenty ounce meafures 
of air, making allowance for the quantity of fixed 
air, which, as I fuppofed, might have been abforb¬ 
ed by the water, in receiving and transferring the air 
before any account was taken of the quantity of it. 
Of this air about one thirtieth part only was not ab¬ 
forbed by water. The refiduum I did not examine. 
I mull however obferve, that in general, befides 
the fixed air, I obtained a confiderable quantity of 
the pyreft dephlogifticated air, from this black 
powder. 

In making the black powder that was ufed in the 
preceding experiment, I occafionally changed the 

air 



V. OBSERVATIONS ON FIXED AIR. 153 

air in the phial, in which I Ihook the mercury, by 
blowing into it, fometimes with a pair of bellows, 
and fometimes with my mouth ; and as it was fug- 
gefted that this might have fupplied the fixed air 
which I afterwards found in the black powder, I 
difiolved two ounces of lead in mercury, and got 
the black powder without blowing into the vefiel at 
all, only changing the air fo much oftner as was then 
necefiaiy. From fix ounces of the black powder 
thus carefully prepared, I expelled four ounce mea- 
fures and a half of air, of which one and a half was 
pure fixed air. This was fufficient to fatisfy me 
that Jome fixed air is certainly procured in this pro- 
cefs. The refiduum of this fixed air was of the 
ftandard of 1.7, or 1.8. I did not at this time 

get from this powder all the air it would have 
yielded. 

Being now fatisfied that there was no occafion to 
prepare this black powder with the precaution 
mentioned above, I repeated the experiment with 
ten ounces of it prepared in the readier method 
which I had ufed before, with a view to examine 
the refiduum of the air, when the fixed air (hould 
be feparated from it. The produce of air was in 
all about twenty three ounce meafures, which I re¬ 
ceived in four portions of five ounce meafures each, 
and another containing the remainder. All thefe 
portions I examined feparately, obferving the pro¬ 
portion 
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portion of refiduum in each of them, and the qua¬ 
lity, as meafured by my ufual ftandard, and the re- 
fult was as follows. Of the firft portion there re¬ 
mained one fourth, of the ftandard of 1.6 ; of the 
fecond one third, of the ftandard of 1.44 ; of the 
third one half, of the ftandard of 0.8 ; and of the 
fourth three fourths, of the fame quality with the 
preceding. 

In the laft portion the refiduum was one half of 
*he whole, and that I found to be fo pure, that, 
mixing it with two equal quantities of nitrous air, 
the ftandard of it was 0.63 ; fo that the quality of 
thefe refiduums was continually purer, till at the 
laft it was pretty highly dephlogifticated. 

It may be inferred from both thefe courfes of ex¬ 
periments, that fixed air confifts not of inflamma¬ 
ble air (which I fuppofe necefiarily contains water) 
but of pure phlogifton, and dephlogifticated air. 
In the experiments with the red precipitate and iron, 
no water at all is concerned, unlefs either the iron 
itfelf contain fome, or the mercury, or dephlogifti¬ 
cated air: fince when the red precipitate is decom- 
pofed by itfelf, nothing is produced befides mercury 
and dephlogifticated air, without afly water. The 
experiment with the black powder will equally au¬ 
thorize the fame conclufion, as neither the lead, the 
mercury, nor the pure air that combines with them, 
has beenfuppofed to contain any water. It muft how- 
1 ever 
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ever be obferved, that the greateft part of dephlogif- 
ticated air is water. 

While I am upon the fubjeft of this black pow¬ 
der, I fhall obferve, that it occurred to me to mix 
with it more matter containing phlogifton, in order 
to fee what change that would make in the refiduum 
of the produce of air. 

From four ounces of the black powder mixed 
with two ounces of iron filings, heated in an earthen 
retort, I expelled fifty four ounce meafures of air, 
of which not more than four ounce meafures were 
fixed air, and the refiduum, examined at different 
times, was of the ftandards of 1.3, and 1.44 ; but 
the greater part of it was of 1.5 a, fo that there was 
a confiderable produffion of inflammable air from 
the iron. In this experiment, I railed the heat 
very gradually, till I had got one third of the pro¬ 
duce of air. This I did from an idea that this mo¬ 
derate heat might increafe the quantity of the fixed 
air, but it did not appear to make any difference in 
fiiis refpett. 

Then varying the proportion of the ingredients, 

1 mixed twenty ounces of the black powder with 
only one ounce of iron filings, and receiving the 
air in three portions, obferved as follows. The 
fiift portion, which contained fix ounce mealures, 
had’ a refiduum of 3.5, of the ftandard of 1.6. The 
lecond which was one ounce meafure, had a refi- 
J duum 
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duum of 0.12. of the ftandard of 1.75 and the 
third portion, which was only one ounce meafure, 
had a refiduum of 0.12, of the ftandard of 1.7. 
Whether this was the whole of the produce of air, I 
do not recoiled. 

In order to try more fully the effed of different 
degrees of heat, I repeated the procefs with the 
black powder, only determining to fuipend the pro¬ 
cefs in the middle of the produce of air. Accord¬ 
ingly I heated two ounces of the black powder in a 
porcelain vefiel; when I obferved that fome por¬ 
tions of the produce contained about one half fixed 
air, and that this proportion kept growing lefs and 
lefs, till the produce confifted of nothing but the 
pureft dephlogifticated air, the ftandard of it being, 
with two equal meafures of nitrous air, 0.2. I then 
let the veffel cool, and obferved that, on fefuming 
the experiment, the air came with the fame purity 
to the laft. 

Examining the refiduum in the retort, I found 
half an ounce of red powder, the colour of which 
could hardly be diftinguifhed from that of percipi- 
tate per Je. So that, no doubt, the mercury Had 
been converted into it, and this very pure air was 
probably that which came from the precipitate as it 
was reviving. In this way, therefore, it would be 
eafy to make this precipitate in large quantities, 
«ould a method be found of feparating it from tljp 

red 
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r ed laady with which it is, in this procefs, neceffari- 

ly mixed. 

In the preceding experiment it will have been 
obferved, that, at firft, the refiduum was confiden¬ 
tly phlogifticated, but at the laft remarkably pure. 
An accident in a fubfequent experiment I once 
thought had difcovered the caufe of this difference. 
In the middle of one of the proceffes, in which I was 
ufing the black powder only, heating it in a glafs veffel, 
a quantity of water was drawn up through the tube 
that communicated with the recipient, and got into 
the veffel that contained the black powder; and in 
all the remainder of that procefs, the refiduum of the 
air was no better than about the ftandard of 1.7. 
Water came over along with this air to the very laft, 
though the bottom of the veffel was red hot. When 
the procefs was over, the matter taken out o t e 
veffel was ftill moift, and of a dark grey colour. 

On this I made a pafte of the powder with wa¬ 
ter, and drying it a little, immediately repeated the 
experiment with it; but I found no fenfible differ¬ 
ence between the iubftance in this ftate, and that 
which bad not been wetted. Four ounces of it 
yielded 120 ounce meafures of air, of which about 
twelve were pure fixed air, completely abforbed 
by water, and the reft highly dephlogifticated. 
However, in one P r0( *fs of this kind, from two 
ounces and 3. half powder, which had been 

moiftened 
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moiftened and dried again, I got feventy ounce 
meafures of air, of which only a very fmall part 
was fixed air, and the refiduum was by no means 
pure dephlogifticated air. For with two equal 
meafures of nitrous air, the ftandard was 1.2 and 
1.3. At other times alfo I have had much lefs 
fixed air from this black powder when it had not 
been wetted, than in feveral of the inftances above- 
mentioned j and I have not as yet been able to 
difcover the circumftance on which the produc¬ 
tion of it in a greater or lefs quantity depends. 

In the preceding proceffes with this black pow¬ 
der, I always got from it more or lefs of fixed 
air. But thinking to produce more of it by heat¬ 
ing this fubflance with a burning lens in dephlo- 
gifticated air, I was furprifed to find, that I only 
increafed the quantity of dephlogifticated air in the 
veffel, and produced no fixed air at all. Whence 
this remarkable difference could arife, I do not 
pretend to fay. It will be feen, that, in this pro- 
cefs with inflammable air, I found it to be a matter 
of indifference whether I ufed this black powder 
or the red precipitate ; both of them equally im- 
t bibing inflammable air, without producing either 

water or fixed air. 


SEC- 
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SECTION VI. 

Of the Generation of fixed Air by heating Subfiances 
J containing Phlogifion in dephlogifiicated Air . 

A NOTHER decifive proof of the generation 
of fixed air from phlogifton and dephlogif- 
ticated air, is the conftant production of it when 
iron is melted in dephlogifiicated air oyer mer¬ 
cury, by means of a burning lens. This experi¬ 
ment being a very pleafing one, I repeated it very 
often i and as it is on too fmall a fcale to admit 
of great exa&nefs, I fhall mention the refults of 
feveral of them, obferving, in the firfi place, that 
no water is produced in this procels. 

In fix ounce meafures and a half of dephlogifti- 
cated air, I melted turnings of malleable iron till 
there remained only an ounce meafure and one 
third, and of this twenty feven thirtieths of an ounce 
nieafure was fixed air. In fix ounce meafures of 
dephlogifticated air, of the ftandard of 0.2, I melted 
iron till it was reduced to two thirds of an ounce 
meafure, of which one half was fixed air, and the 
remainder completely phlogifticated. Again, I 
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melted iron in feven ounce meafures and a half 
of dephlogifticated air of the fame purity with that 
in the laft experiment, when it was reduced to an 
ounce meafure and one third, and of this four 
fifths was fixed air, and the remainder phlogifti- 
cated. In this cafe I carefully weighed the finery 
cinder that was formed in the procefs, and found 
it to be nine grains; fo that the iron that had been 
melted (being about two thirds of this weight) had 
been about fix grains. I repeated the experiment 
with the fame refult. 

When the dephlogifticated air is more impure, 
the quantity of fixed air will always be lefs in pro¬ 
portion. Thus having melted iron in feven ounce 
meafures of dephlogifticated air of the ftandard of 
0.65, it was reduced to 1.6 ounce meafures, and 
of this only one third of an ounce meafure was 
fixed air. 

Pruffian blue is generally faid to be a calx of 
iron fuperfaturated with phlogifton, though of late 
it has been faid by fome, that it has acquired fome- 
thing that is of the nature of an acid. From my 
experiments upon it with a burning lens in de¬ 
phlogifticated air, I fhould infer that the former 
hypothefis is true, except that the fubftance con¬ 
tains fome fixed air, which is no doubt an acid. 
For much of the dephlogifticated air difappears, 
juft as in the preceding fimilar procefs with iron. 

I threw 
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I threw the focus of the burning lens upon 
fifty three grains of Pruflian blue, in a veifel 
of dephlcgifticated air of the ftandard of 0.53, 
till all the colour was difcharged. Being then 
weighed, it was twenty two grains. In thisprocefs 
feven ounce meafures and a quarter of fixed air 
had been produced, and what remained of the air 
was of the ftandard of 0.94. Heating the brown 
powder to which the Prufiian blue was reduced in 
this experiment in inflammable air, it imbibed 
eight ounce meafures and a half of it, and became 
of a black colour; but it was neither attra&ed by 
the magnet, nor was it foluble in oil of vitriol and 
water, as I had expected it would have been. 

Again I heated Pruflian blue in dephlogifticated 
air of the ftandard of 0.2, without producing any 
fenfible increafe of its bulk, when I found three 
ounce meafures of* it to be fixed air, and the re- 
fiduum tolerably pure, for, with two meafures of 
nitrous air, the ftandard of it was 1.35. The 
fubftance had loft eleven grains, the greateft part 
of which was evidently water. 

To determine what quantity of fixed air Pruflian 
blue would yield by mere heat, I put half an ounce 
of it into an earthen tube, and got from it fifty 
fix ounce meafures of air, of which fixteen ounce 
meafures were fixed air, in the proportion of one 
third in the firft portion, and one fourth in the 
V.ou. I. M 



1 62 OBSERVATIONS ON FIXED AIR. Part IK 

laft. The remainder was inflammable. There 
remained 140 grains of a black powder, with a 
very little of it, probably the furface, brown. 

Comparing thefe experiments, it will appear that 
the fixed air procured by means of Pruflian blue 
and dephlogifticated air, mud have been formed by 
phlogifton from the Pruflian blue and the dephlo¬ 
gifticated air in the vefiel. For if 240 grains of 
this fubftance yield fixteen ounce meafures of fixed 
air, ten grains of it, which is more than was ufed 
in this experiment, would have yielded 0.6 ounce 
meafures. Nor is it poflible to account for the 
difappearing of fo much dephlogifticated air, but 
upon the fuppofition of its being employed in form¬ 
ing this fixed air. 

In all the experiments with iron it cannot be 
doubted but that the greater part of the dephlo¬ 
gifticated air (viz. the water in it) incorporates 
with the iron, converting it into a Jcale , or - finery 
cinder , being the very fame fubftance with that 
which is produced by tranfmitting fteam over iron 
when it is red hotj but at the fame time fome 
phlogifton muft be expelled from the iron, and unite 
with the- dephlogifticated air in the vefiel, in order 
to form the fixed air that is found in it i as in other 
cafes it unites with water , and makes inflammable air. 

Perhaps as decifive a proof as any of the real 
production of fixed air from phlogifton and dephlo¬ 
gifticated 
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gifticated air, may be drawn from the experiments 
in which I always found a quantity of it when I 
burned fulphur in dephlogifticated air. In one of 
thofe experiments to which I gave more particular' 
attention, fix ounce meafures and an half of de¬ 
phlogifticated air were reduced to about two ounce 
meafures, and one fifth of this was fixed air. 
Much vitriolic acid air had been produced in this 
procefs : For, before I admitted any water to it, 
the fix ounce meafures and a half were only reduced 
to fix. When both the vitriolic acid and the fixed 
air were abforbed by water, the remainder was very 
pure dephlogifticated air, the ftandard of it be¬ 
ing 0.3. 

I had always concluded that no fixed air could - 
be produced by the decompofition of inflammable, 
air, which had been procured by means of the 
mineral acids, becaule I had not been able to do 
it with that which I had got by means of the vitriolic 
acid; but I learned from Mr. Metherie, that this 
is peculiar to the vitriolic acid, the remains of which, 
diffufed through the inflammable air procured by 
it, he conjectures, may decompofe the fixed aif 
aCtually produced in the procefs. See his Treatife, 
p. no. For, as I have hinted before, when the 
inflammable air is produced from iron, by means 
of fpirit of fait, there is a very perceivable quan¬ 
tity of fixed air, when it is united with dephlogil- 
M 2 ticated 
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ticated air. When I decompofed thefe two kinds 
of air in equal quantities, they were reduced to 
about 0.5 of a meafure, and of this not more than 
about one fortieth part was fixed air. This ex¬ 
periment, ought, however, to be added to the 
other proofs of fixed air being produced by the 
union of the dephlogifticated air and phlogifton. 

The laft inftance of the generation of fixed air 
from phlogifton and dephlogifticated air, which I 
fhall mention in this fe&ion, is of a much more 
ftriking nature than any that I have yet recited. 
Having made what I call charcoal of copper, by 
making vapour of fpirit of wine pafs over copper 
when it was red hot, I took a piece of it, and, 
with no very particular view, heated it in different 
kinds of air. Among others, I did this in com¬ 
mon air, and not obferving any increafe or decreafe 
of the quantity of air, concluded, but too haftily, 
that no change was made in it. For when I re¬ 
peated the experiment in dephlogifticated air* the 
charcoal burned very intenfely; and when a part 
of it was confumed (which, like common charcoal 
in the fame procefs, was done without leaving any 
fenfible refiduum) I found that no heat which I 
could apply afterwards had any farther effeft on 
what was left of the charcoal. Concluding, there¬ 
fore, that fome change muft be made in the quality 
of the air, I examined it, and found about nine 

tenths 
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tenths of it to be the pureft fixed air, and the re- 
fiduum was fuch as would have been made by 
feparating the abfolutely pure part of the dephlo- 
gifticated air, and leaving all the impurities in what 

remained. 

Having afcertained this fa6t, I repeated the ex¬ 
periment, weighing the piece of charcoal very 
carefully before and after the procefs, and then 
found that, by the lofs of one grain of the char* 
coal, I reduced four ounce meafures of dephlo- 
gifticated air till one ninth only remained unab- 
i'orbed by water; and again, with the lofs of one 
grain and an half of the charcoal, I reduced fix 
meafures and an half of dephlogifticated air till 
five ounce meafures and a half were pure fixed air. 

In this procefs there was a diminution of the 
bulk of the air after the experiment, as might be 
expected from the change of the air into one of 
a heavier kind by means of a fubftance, or prin¬ 
ciple, that could not add much to the weight of 
jt; but I did not accurately meafure this. In one 
of the experiments 4.3 ounce meafures of dephlo ¬ 
gifticated air were diminifhed, I obferved, about 
one thirtieth part of the whole. But being in a 
pretty wide vefiel, fuch a meafure cannot be ac¬ 
curate enough for computation. In this cafe, when 
the fixed air was feparated by water, there was a 
refiduum of 0.75 of a meafure of the ftandard ot 
M3 i*o, 
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i .o, whereas the dephlogifticated air before the ex¬ 
periment had been of the ftandard of 0.2. 

That dephlogifticated air a&ually enters into 
the compofition of fixed air in this experiment, 
is evident from the weight of the fixed air, which 
far exceeds that of the charcoal, which is difperfed 
in the procefs. For in this laft experiment the 
weight of the fixed air produced was 4.95 grains. 
Conlequently, fuppofing the charcoal to be wholly 
pldogifton, as it is very nearly fo, fixed air may 
be faid to confift of 3.45 P arts of dephlogifticated 
air, and 1.5 phlogifton. So that the dephlogifti¬ 
cated air is more than three times the proportion 
of the phlogifton in it. 

I muft not conclude this fetSHon without ob- 
ferving that, I never failed to produce fixed air, by 
heating iron in vitriolic acid air. I repeated the 
experiment many times, and always had this very 
remarkable refult. In this cafe the acidifying prin¬ 
ciple, which is the chief ingredient in dephlogifti¬ 
cated air, muft have been fupplied by the acid in 
the air. 

In one of the experiments, four ounce meafures 
of the vitriolic acid air were reduced to 0.65 of an 
ounce meafure i and of this three parts and one half 
of the whole was fixed air, abforbed by kme water, 
and the remainder was (lightly inflammable. In 
another experiment I could not perceive any thing 

inflam- 
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inflammable in the refiduum. It appeared to be 
only phlogifticated air. But thefe refiduums are 
always fmall, fo that it is not eafy to diftinguilh 
wealdy inflammable air from that which is phlo¬ 
gifticated. 


SECTION VII. 

£)/ the Production of fixed Air by heating Subfiances 
containing dephlogifiicated Air in inflammable Air . 

A S fixed is always produced when iron, or any 
other fubftance containing phlogifton is 
heated in dephlogifiicated air; fo when precipitate 
per ft, or any other fubftance containing dephlo- 
gifticated air is heated in inflammable air, fixed air 
never fails to be procured. 

In ten ounce meafures of inflammable air from 
malleable iron I revived red precipitate till there 
remained only i.i ounce meafure of air, and of 
this 0.07 ounce meafures was fixed air, being com¬ 
pletely abforbed by water. The weight of this 
ai r would be 0.063 gr. But, face 960 S r * ins 
M 4 ot 
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of iron will yield 1054 ounce meafures of inflam¬ 
mable air, the iron employed in procuring all the 
inflammable air that was ufed in this experiment, 
viz. 8.9 ounce meafures (without allowing for any 
that went to the revivification of the mercury) 
would be 8.1 grains; and fince M. Bergman fup- 
pofes, that 100 grains of iron contains 0,12 grains 
of plumbago, the quantity of it in this iron would 
only be 0.01008 gr. which is not quite a fixth 
part of the weight of the fixed air. 

With fome precipitate per fe> lent me by M. 
Berthollet, I revived mercury till eight ounce mea- 
Cures and a half of inflammable air was reduced to 
two ounce meafures and a half, and of this 0.04 
oz. m. at leaft was fixed air. This is not quite 
fo much in proportion as in the preceding ex¬ 
periment, but abundantly more than the weight 
of the plumbago. 

In eight ounce meafures of inflammable air I 
revived minium (which I found to have exactly the 
fame effed in this procefs as red precipitate, or 
precipitate per Je) till it was reduced to 1.2 ounce 
meafures; and of this 0.028 oz. m. was fixed 
air, which would exceed the weight of the 
plumbago more than three times. In reviving 
lead from mafficot (which I prepared by expelling 
the pure air from minium) I had no fixed air in 
the refifiuum. 

In 
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In feven ounce meafures of inflammable air 
from tin by fpirit of fait, I revived red precipitate 
till it was reduced to i.i ounce meafure; and in 
this the fixed air was fomething more than in 
proportion to that in the laft experiment. 

I do not know that any objection can be made 
to the inflammable air from tin, as this metal has 
not been proved to contain plumbago. I wifhed, 
however, to repeat this experiment with inflamma¬ 
ble air from Julphur. But though, when fleam is 
fent over melted fulphur, a fmall quantity of in¬ 
flammable air is procured j yet, as fulphur cannot 
part with much phlogifton, except in proportion 
as it imbibes pure air, to form oil of vitriol, I could 
not in this manner eafily procure enough for my 
purpofe. 

In order to fupply the fulphur with pure air, I 
mixed with it a quantity of turbitb mineral ; but 
this made it yield vitriolic acid air, though in great 
abundance, there not being, I imagine, water 
Enough to form inflammable air: for when iron 
is diflolvcd in concentrated acid of vitriol, vitriolic 
acid air is produced j but in diluted vitriolic acid, 
the produce is inflammable air. With a view to 
fupply biefe materials with water, I lent fleam 
over them; but it did not combine with the air, 
which was lb 11 only vitriolic acid air. 
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Since, however, vitriolic acid air unqueftionably 
contains the lame principle which forms the in¬ 
flammability of inflammable air, this experiment 
proves that fulphur is not that Ample fubftance 
which the antiphlogiftians fuppofe it to be; but 
that it contains phlogifton. Had it been nodiing 
more than a fubftance which had a ftrong affinity 
to pure air, it would have united with the pure 
air from the turbith mineral, and have made 
vitriolic acid; but no vitriolic acid air would have 
been produced. 

That vitriolic acid air contains the fame inflam¬ 
mable principle with inflammable air is evident 
from the quantity of vitriolic acid air which l 
produced by reviving copper from blue vitriol 
in inflammable air. Mr. Kirwan alfo produced 
this air from fulphur and red precipitate. See his 
Treatife on Phlogifton, p. 29. 

When I ufed a lmall quantity of fulphur in pro¬ 
portion to the turbith mineral, the fir ft produce 
was vitriolic acid air, and afterwards dephlogiftj. 
cated air, from the turbith mineral alone, the effect 
of the fulphur-having been exhaufted. 

According to the antiphlogiftic theory ,pto/ph*rus, 
as well as fulphur, is a Ample fubftance; and 
when it is ignited imbibes pure air, and thereby 
becomes the phofphoric acid, without parting with 
any thing. But I find, that after the accenfion of 

it 
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it in dephlogifticated air, there is a confiderable 
quantity of fixed air in the refiduum ; and this fixed 
air could only be formed by the union of the de¬ 
phlogifticated air in the veflel with the phlogifton 
contained in the phofphorus. Mr. Kirwan had a 
fimilar refult from phofphorus confined in atmo- 
fpheric air. As it is not pretended, that there is 
any plumbago in phofphorus, this experiment is 
not liable to the objection that has been made to 
thofe in which inflammable air from iron was made 
ufe of. 

Comparing this experiment with that in which 
iron is ignited in dephlogifticated air, and thofe. 
in which nitrous acid is produced by the accenfion 
of dephlogifticated and inflammable air, this gene¬ 
ral conclufion may be drawn, viz. that when eidier 
inflammable or dephlogifticated air is extracted from 
any fubftance in contadfc with the other kind of air, 
fo that one of them is made to unite with the 
other in what may be called its wfeent Jlate , the 
refult will be fixed, air; but that if both of them be 
completely formed before their union, the refult 
will be nitrous acid. 

It has been faid, that the fixed air produced in 
both thefe experiments may come from the plumbago 
in the iron from which the inflammable air is 
obtained. But fince we afeertain the quantity of 
plumbago contained in iron by what remains after 
.1 its 
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its folution in acids, it is in the higheft degree im¬ 
probable, that whatever plumbago there may be in 
iron, any part of it fhould enter into the inflamma¬ 
ble air procured from it. Befldes, according to 
the antiphlogifbic hypothefis, all inflammable air 
comes from water only. 

In the courfe of thefe experiments I difcovered 
more completely than before the fource of my 
former miftake, in fuppoflng that fixed air was a 
neceflary part of the produce of red lead, and alfo 
of manganefe. Both thefe fubftances, I find, give 
of themfelves only dephlogifticated air, and that of 
thepureft kindj and all the fixed air they yielded 
in my former experiments muft have come from 
the gun-barrel I then made ufe of, which would 
yield inflammable air, which, with dephlogifticated 
air, forms fixed air. For though the dephlogifti¬ 
cated air from red lead was fo pure that, mixed 
with two meafures of nitrous air, the three mea- 
fures were reduced to five hundredth parts of a 
meafure, and the fubftance gave no fixed air at all 
when it was heated in an earthen tube or retort $ 
yet by mixing iron filings with it, or with manga¬ 
nefe, as I had formerly done with red precipitate, 

/ I got more or lefs fixed air at pleafurey and fome- 
time no dephlogifticated air at all. 

I cannot conclude thefe obfervations without 
taking notice, how very valuable an inftrument in 

philo- 
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philofophy is a good burning lens. This muft 
have been perceived in many of my former experi¬ 
ments, but more efpecially in thefe. By no other 
means can heat be given to fubftances in vacuo, or 
in any other kind of air befides atmofpherical; and 
without fome method of doing this, no fuch ex¬ 
periments as thefe can poflibly be made. I there¬ 
fore congratulate all the lovers of fciencc on the 
fuccefsful attempt of Mr. Parker to execute fo 
capital an inftrument as he has done of this kind. 
Such fpirited and generous exertions refleft honour 
on himfelf, and on our country. It is only to be 
wifhed, that we could have lenfes of a fmaller fize 
(viz. from twelve to eighteen inches diameter) 
made tolerably cheap, fo that they might be in 
more common ufe. All the preceding experiments 
were made with one of twelve inches in diameter. 


SEC- 
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SECTION VIII. 

Of Air ailing through a Bladder. 

A S it decifively follows from my experiments 
on the action of different kinds of air through 
a bladder, that fixed air confifts of dephlogifticated 
air and phlogifton, I fhall introduce them in this 
place. 

One of my former experiments which I was 
leaft able to account for, was the diminution of 
nitrous air in a bladder fwimming at liberty in a 
trough of water; the confequence of which had 
always been, that in a few days the nitrous air was 
diminilhed about one fourth, and this was phlogif- 
ticated air. All the progrefs that I had then made 
in the invefligation of this curious fa£t, was finding 
that it depended, as I then thought, upon the blad¬ 
der being kept alternately dry and moift; becaufe 
when the bladder was kept covered with water, 
it remained full, and the air within it was not 
changed. This was alfo the cafe when the blad¬ 
der was kept dry. But I did not confider that 
when die bladder was kept under water, there was 

no 
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no oir in contact with it; and I did not then 
fufpe£t that this change in the air depended on the 
a<5tion of the nitrous air upon the external common 
air through a moift bladder; though I had found 
that coagulated blood has a power of acting upon 
air, and is of courfe liable to be a< 5 ted upon by- 
air, through any bladder. 

At length, fufpe&ing that this might be the cafe, 

I made the following experiment. Taking a 
bladder which contained twenty ounce meafures 
of nitrous air, and tying it very tight, I introduced 
it into a glafs jar, which contained forty ounce 
meafures of common air; becaufe, in that propor¬ 
tion, they would be able, if they had any mutual 
action, to faturate one another. Wilhing at the 
lame time, to obferve the changes that might 
gradually take place in each of the kinds of air, 
I examined them both at different periods. 

The procefs was begun on the 18th of Mav, 
and on the Gift I found that there were only thirtv 
four ounce meafures of the common air, and eleven 
of the nitrous, the bladder being quite found; fo 
that it was fiifficiently evident, that the two kinds 
of air, had affe&ed each other through the fub- 
fiance of the bladder. On the 25th of the fame 
month there were thirty one ounce meafures and 
a half of the common air, and four and a half ol 
the nitrous; and examining the ftate -of both of 

them. 
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them, I found the ftandard of the common air to 
be 1.8, which was a ftate very near that of extreme 
phlogiftication; and that of the nitrous 1.7. That 
is, equal meafures of this and of common air, oc¬ 
cupied the fpace of 1.7 meafures, which lhews that 
it had almoft loft its power of affeding common 
air, or to exprefs myfelf perhaps more corredly, 
there was but a fmall proportion of nitrous air 
in it. 

On the 8tli of June I examined them for the 
laft time, after having obferved no farther change 
for fome days in the quantity of the common air 
(as indicated by marks which I had made on the 
outftde of the jar) and I found only twenty eight 
ounce meafures of the common air, of the fame 
quality as when I had examined it before, viz. of 
the ftandard of 1.8, and only three ounce meafures 
of the nitrous air, and it did not affed common 
air at all. Neither of them contained any por¬ 
tion of fixed air, and both of them extinguifhed 
a candle. 

Nothing now remained to my complete fatisfac- 
tion, with refped to my former obfervation of the 
diminution of nitrous air, contained in a bladder. 
But I farther wilhed to fatisfy myfelf with refped 
to the adion of imflammable air , on either com¬ 
mon or dephlogifticated air, in the fame circum- 
ftances. Nitrous air affeds pure air by fimple 

contad, 
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contaCt, without ignition; whereas, inflammable 
air, I had obferved, has very little effect upon pure 
air when they are Amply mixed together. I was, 
therefore, furprized to find diat inflammable air has 
a very confiderable aCtion upon dephlogifticated air 
through a bladder, widiout any afiiftance from 
heat; and moreover, that the union of thefe two 
kinds of air, thus produced, forms fixed air. The 
experiments which I made for this purpofe, were 
as follows. 

Into a jar containing 123 ounce meafures of 
dephlogifticated air, I introduced a bladder, con¬ 
taining twenty three ounce meafures of inflamma¬ 
ble air; and after a few days, I obferved that the 
bladder in which it was contained was become a 
little flaccid. After about three weeks, I examined 
both the kinds of air, and found that the bladder 
contained only two ounce meafures, and that this 
was no longer inflammable, but extinguiflied a 
candle, though it had in it a mixture of pure air. 
The air within the jar then contained one twentieth 
of its bulk of fixed air. The dephlogifticated air 
was diininifhed feven ounce meafures; and from 
being of the ftandard of 0.5* with two equal mea¬ 
fures of nitrous air, it was now become of 1.4. 
The bladder had a flight fmell of putrefaction, but 
it was perfectly air tight. 


Vox. I. 
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It is obfervable, that in this experiment part of 
the dephlogifticated air had palfed unchanged into 
the bladder of inflammable air, whereas the inflam¬ 
mable air which had palled through the bladder 
into the dephlogifticated air, had united to it, and 
formed fixed air. The tranfmifiion of the dephlo¬ 
gifticated air through the bladder was much more 
remarkable in the following experiment. 

Having introduced a bladder filled with inflam¬ 
mable air into a large jar of dephlogifticated air, 
the bladder, after two days only, had in it a great 
mixture of dephlogifticated air, and was as much 
diftended as when it was firft put into the jar. 
A quantity of it exploded exactly like a mixture of 
one third dephlogifticated, and two thirds inflam¬ 
mable air. The bladder was perfectly found and 
fweet, and the dephlogifticated air was not fenftbly 
altered. 

Again, having introduced a bladder containing 
ten ounce meafures of inflammable air into a jar 
containing one hundred ounce meafures of dephlo¬ 
gifticated air, of the ftandard of 0.3, I found, about 
a month afterwards, that the air in the jar was 
diminilhed to ninety ounce meafures, and the in¬ 
flammable air to five ounce meafures' and an half. 
The quality of the air in the bladder and of that in 
the jar was very nearly the fame, though the blad - 
der was perfectly found and fweet. The air in 
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the bladder, with equal meafures of nitrous air, 
was of the ftandard of 0.76, and that in the jar 
of 0.74. Both of them alfo contained a fmall por¬ 
tion of fixed air. In this cafe, therefore, both the 
kinds of air had not only been tranfmitted through 
the bladder, but fome decompofition had alfo taken 
place within it, as well as within the jar. 

In another experiment of this kind, both the 
bladder of inflammable air, and the jar of dephlo- 
gifticated air, after fome time, contained each of 
them a portion of fixed air, and likewife both the 
kinds of air unaffeaed by each other. For both 
of them exploded when they were examined fe- 
parately. 

It feems to follow from thefe experiments, that 
fixed air is really formed when inflammable air of 
charcoal, &c. is exploded togedier with dephlogif- 
ticated air ; and alfo that the greatnefs of the heat 
prevents its formation, when inflammable air from 
metals is ufed. For though, in the explofions with 
the ele&ric fpark, no fixed air was produced from 
the decompofition of the pureft inflammable air, 
it was evidently fo with the fame kind of inflam¬ 
mable air in thefe experiments with a bladder in 
which no heat is ufed. 

The formation of fixed air from phlogifton and 
dephlogifticated air, is more evident from the great 
quantity of it which is found when an animal fub- 
N 2 fiance 
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ftance putrefies in dephlogifticated air, compared 
with die finall quantity that is procured by its 
putrefying in inflammable air. 

After the preceding experiments on the confe- 
quence of having one kind of air in the bladder, 
and the other in die jar in which it was confined, 
I filled the bladder with the fame air that was in 
the jar, and let them remain till they became 
putrid and burft. The jar and the bladder of de¬ 
phlogifticated air contained together one hundred 
ounce meafures of the ftandard of .95, but after 
the procefs and wafhing the air in water there 
were only 37.5 ounce meafures, which was phlo* 
gifticated. 

At another time ninety ounce meafures of de¬ 
phlogifticated air of the ftandard of 0.16, were 
reduced to forty feven ounce meafures of the ftan¬ 
dard of 0.6; whereas a jar of inflammable air of 
the fame fize, and treated in the fame manner, 
contained, after the procefs, not more than one 
thirtieth of its bulk of fixed air. In this it was 
obfervable, that the bladder and the air were moft 
abominably offenfive, whereas the bladder which 
had been in dephlogifticated air was hardly of¬ 
fenfive at all. 

It will appear by computation, that in both 
thefe cafes of the formation of fixed air, by the 
bladders putrefying in dephlogifticated air, phlo- 

gifticated 
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gifticated air was produced, fix ounce meafiires 
being generated in the former cafe, and five in the 
latter* and though all fixed air contains a part 
not absorbed by water, and .this is always more or 
lefs phlogifticated, this was much more than in 
that proportion, the phlogifticated air being in 
the former cafe one fixth of the whole, and in 
the latter nearly one half. For in the former cafe 
the phlogifticated air before the procefs was 31.7 
ounce meafures, and after it 37, and in the latter 
it was 4.86 ounce meafures before, and 9.4 after. 
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BOOK II. 

EXPERIMENTS AND OBSERVATIONS RE*? 
LATING TO INFLAMMABLE AIR. 


PART I. 

experiments and observations relating to 

THE PRODUCTION OF INFLAMMABLE AIR. 


SECTION I. 

Of inflammable Air from Metals , by Means of 
Acids, &c. 

T HE metals from which this fpecies of air 
has been procured are irony zinc , and tin . I 
found it in copper, and lead by lpirit of' fait, as may 
be feen in the account of the difcovery of marine 
j^nd air. * I have alfo procured it in various other 
ways; and have lately found that regulus of an¬ 
timony diffolved in marine acid, with the appli¬ 
cation 
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cation of heat, yielded a fmall quantity of air, 
which was weakly inflammable. Bifmuth and nickel 
were diflblved in marine acid with the help of a 
considerable degree of heat, but little or no air 
was got from either of them. If there was any 
more than the common air which had lodged 
within the phial containing the mixture, I could 
not perceive that it was inflammable: but thefe 

metals treated in this manner yielded a ftrong fmell 

of liver of fulphur. 

It is Something remarkable, that - all the acids 
that produce any air by the Solution of metals give 
inflammable air, except fpirit of nitre only, which 
forms a different kind of union with the inflam¬ 
mable principle; making nitrous air , more or lefs 
modified. Befides oil of vitriol and fpirit of fait, 
I have obferved that the vegetable , acid alfo pro¬ 
duces inflammable air, by the folution of metals, 
though in a much lefs quantity. Perhaps the 
proportion of the ftrength of the acids may be as¬ 
certained by this means. The concentrated vinegar 
which I made ufe of in my experiments on the 
vegetable acid air, diflolved zinc almoft as rapidly 
as Spirit of fait, and produced inflammable air; and 
radical vinegar , which is unqueftionably a pure 
vegetable acid, had the fame effed when applied 
both to zinc andiron. 
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In order to meafure the ftrength of this acid, I 
put as much radical vinegar as occupied the fpace 
of fifty two grains of water upon a quantity of filings 
of zinc diluted with -water, and found that it yielded 
one fourth of an ounce meafure of inflammable 
air, without heat; and two ounce meafures more 
with heat; and a little more might have been 
procured, if care had been taken that no part of 
the liquor had boiled over. What proportion this 
produce of inflammable air bears to a fimilar pro¬ 
duce from fpirit of fait may be found by com¬ 
paring this obfervation with fome that are men¬ 
tioned relating to marine acid air. 

In my firft experiments on fixed air, I found 
that, when a mixture of iron filings and brimftone, 
moiftened with water, was made to ferment in it, 
a part of it was made immifcible with water, that 

is, that there was in it a greater refiduum of phlo- 
gifticated air than ufual, which I fuppofed to come 
from the phlogiflon fet loofe in this procefs; though 
I could not find that phlogilton in any other pro¬ 
cefs produced that effedt. At that time it could 
not but occur to me, that, poflibly, this mixture 
itfelf might generate air, in which cafe the fadt I 
have been reciting would not prove that there had 
been any alteration in the conftitution of the fixed 
air; fince there would have been a real addition to 

it, of another kind of air from the mixture. To 

try 
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try this, I then made this mixture to ferment under 
water, and found that no air whatever was produced 
from it. 

I have fince tried the fame thing in the beft 
vacuum that 1 could make with Mr. Smeaton’s air 
pump; when, though the fermentation went on as 
ufual, yet when water was admitted to it afterwards, 
no air was found in the receiver. I alfo made 
this fermentation when the materials were buried 
in quickfilver, and in thefe circumftances alfo no 
air was produced in the temperature of the at- 
mofphere. 

I mention thefe circumftances, becaufe I have 
found that when this fermentation is made in quick- 
ftlver, and in a warm place, a true inflammable air 
is generated. The experiment was made in as 
accurate a manner as I could contrive, and in the 
courfe of it, it will be feen that probably a quantity 
of vitriolic acid air was alfo generated, and ab- 
forbed again by the water that was mixed with 
the iron and brimftone, and which is necefiary to 
enable them to a£t upon each other. 

Having filled a fmall phial with a mixture of 
iron filings and brimftone moiftened with water, 
I plunged it in a vefiel filled with quickfilver, 
ftanding inverted in a bafon of the fame, and placed 
the whole apparatus near the fire. In about half 
an Hour the fermentation began, and fo much air 

iflfued 
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ifilied from the mixture, as occupied the fpace 
of four times the bulk of the materials. In a 
few minutes the quantity of air diminifhed, being 
probably vitriolic acid air, and having been ab- 
forbed by the water; but there remained about 
one fourth of the bulk of the mixture that was 
pennanent air, not imbibed by water; and this 
was inflammable. 

Since zinc, as well as iron, yields inflammable air 
with oil of vitriol, I fufpedted that poffibly it 
might be affe.&ed as iron is by the oil of vitriol 
fet loofe from the fulphur in this procefs, and I 
found that when I fubftituted filings of zinc for 
the filings of iron, in the circumftances above- 
mentioned, they anfwered equally well. In this 
experiment a quantity of air was produced equal 
to the bulk of the materials, all ftrongly inflam¬ 
mable. 

Having once put a pot of iron filings and 
brimftone into a jar of nitrous air (the firft effe6t 
of which is to reduce it to one fourth of its bulk, 
and leave it in the ftate of phlogifticated air) and 
having fome time after this found the air much 
increaled in quantity, and ftrongly inflammable, 
I had fome doubt whether the inflammable mat¬ 
ter came from fome farther change in the nitrous 
air, or from an exhalation of proper inflammable 
air from the iron and brimftone. My doubt arofc 

from 
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from my never having found that this pafte of iron 
Alinas and brimftone, whether kept in water, or 
in vacuo, had yielded air at any time, except in a 
confiderable degree of heat. In confequence, how¬ 
ever, of repeated experiments, I am now fatisfied, 
that the inflammable air came from this mixture. 
For though fome pots of it have not yielded in¬ 
flammable air, they have all, with long keeping, 
even in the temperature of the atmofphere, yield¬ 
ed either phlogifticated or inflammable ait; the 
latter generally when the compofition was frefli 
made, and the former when it was old. 

Thefe experiments have alfo led me to the ob- 
fcrvation, that, in this and many other cafes of the 
diminution of common air by phlogiftic precedes, 
a true inflammable air is firft produced, and in its 
najcent ft ate, as it may be called, is immediately 
decompofed, previous to the phlogiftication of the 
common air. The very fame fubftances which, 
in water or quickfilver, yield inflammable air, only 
phlogifticate common air: fo that I am almoft 
ready to conclude univerfally, that air is never phlo- 
aifticated, but by materials which, in certain cir¬ 
cumstances, would yield inflammable air; though 
when inflammable air is previoufly produced, and 
then mixed with common air, it will not be de¬ 
compofed in the temperature of the atmofphere, 
except in a very (mall degree. Thefe two kinds 
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of air will, therefore, continue mixed without much 
affecting each other, except in a red heat, by 
which the inflammable air is fired. It is then well 
known to ceafe to be inflammable air, the phlo- 
gifton being feparated from it, and uniting with 
the dephlogifticated air in the common air j when 
nothing is left but the phlogifticated part of the 
common air, which is about three fourths of the 
whole. I have fince obferved that nitrous acid is 
formed in thefe circumftances. 

The experiments which led to thefe conclufions, 
and which I fhall now proceed to recite, may ferve 
as a caution to myfelf and others, not to be too 
haity in drawing general conclufions j fince what 
may appear to be the Jame materials , and the Jcitne 
preparation of them, may have different refults, in 
confequence of there having been fome circum- 
ftance, refpeding either the materials or die pro- 
cefs, that was unnoticed, but which was the fecrec 
caufe of the unexpeded refults. 

That nitrous air might be changed into inflam¬ 
mable air, was not extremely improbable a priori; 
fince I had found that it contained nearly as much 
phlogifton as inflammable air, bulk for bulk ; and 
fince it is, by feveral procefles, convertible into 
what has the appearance of a fpecies of inflamma¬ 
ble air. Befides, in this very cafe, the fame com- 
pofition of iron filings and brimftone, which I now 

find 
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find generally yields inflammable air in the tempe¬ 
rature of the atmofphere, does not do lo at all times. 

Thinking that if the iron filings and brimftone 
had really yielded the inflammable air which I 
found in the veflel of nitrous air, it would do the 
fame in common air, I confined a large pot of this 
mixture in a very fmall quantity of common air 
in the beginning of February, 1779. But though 
on the 19th of May following it was increafed in 
bulk, it was all mere phlogifticated air, and had 
nothing inflammable in it. Even the air that was 
entangled within the cavities of this pot of iron 
filings and brimftone, and which I catched by 
breaking it under water, was not inflammable. It 
is poflible, however, as I obferved before, that 
this phlogifticated air might have been inflammable 
air in its origin, or najcent ftate , and have become 
phlogifticated air afterwards. At another time I 
put a pot of this mixture under water, as I had 
done formerly, and now alfo obferved, that though 
it fermented very well, and turned black, yet it 
did not yield a particle of air in about a fort¬ 
night : and in experiments of this kind few perfons, 
I believe, would look for any farther change be¬ 
yond that time. 

Soon after, however, I found that a pot of this 
mixture, frefo made, and kept under water three 
weeks,, had yielded about its bulk of air; and 

tliis 
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this was ftrongly inflammable. But at the fanrifc 
time another mixture of this kind, kept in the 
fame circumftances, yielded only phlogifticated air; 
and yet I did not knowingly make any difference 
in the compofition, always mixing equal bulks of 
the two ingredients. 

As the phlogifton which conftituted the inflam¬ 
mable air in the experiments that occafioned thefe 
muff: probably have come from the iron, and not 
from the fulphur; efpecially fince iron alone is 
capable of making a very remarkable change in 
nitrous air, I confined a quantity of this air, in a 
veflTel full of iron nails, from the beginning of 
February to the 18th of May; but after this long 
interval it was only phlogifticated air, and not in 
the lead inflammable. 

Having found, however, that this mixture of iron 
filings and brimftone was capable of producing in* 
flammable air in water, I made a trial of it in 
quickfilver, and found it to have the fame eflred. 
For confining a quantity of this mixture in quick¬ 
filver from the 13th to the 30th of June, in the 
temperature of the atmofphere, it had yielded, in 
this time, its own bulk of air, ftrongly inflam¬ 
mable. 

I found afterwards, in a proper number of trials, 
that in a fufficient fpace of time, this mixture in- 
creafed all the kinds of air into which I intro¬ 
duced 
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duced it, by the addition of a quantity of inflam¬ 
mable air, more or lefs, according to circumftances, 
known or unknown. But when the experiment 
was made in common air, it firft diminiflied it 
about one fourth, as I have often noted; and fome 
time after that I perceived an addition made to 
the bulk of the air, and examining it, found it at 
firft to be (lightly inflammable, but afterwards more 
ftrongly lb. This experiment (hews that, in the 
firft Tnftance, the inflammable air yielded by iron 
filings and brimftone muft have been decompofed 
by uniting with the dephlogifticated air in the com- 
mon air. 

It appeared upon one occafion, recited above, 
that one pot of this mixture, frejh made, produced 
inflammable air, at the fame time that a pot of an 
old mixture of this kind yielded only phlogifticated 
air. But at what time thefe mixtures will cea(e 
to give inflammable air, and begin to yield phlo¬ 
gifticated air, I cannot determine. For I find that 
on the 23d of June a pot of iron filings and brim- 
ftone, which muft have been mixed about a year 
before, confined in a fmall quantity of common 
air, had made an addition to it of three ounce 
meafures on the 26th of July; and this air was 
inflammable. At the fame time I found that 
another quantity, which had been mixed the ift 
of July, had yielded inflammable air, in about the 
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fame proportion, according to the time. Alfo 
fome old iron filings and brimftone, which had 
been taken out of the pot, and mixed with water 
the 3d of July, had yielded about one tenth of its 
bulk of air on the id of Auguft, ftrongly inflam¬ 
mable. 

That future experimenters may form fome idea 
of the quantity of inflammable air that they may 
generally expedt from fuch mixtures as I have uliially 
made of iron filings and brimftone, ufing equal 
bulks of each, and therefore be lefs apt to deceive 
themfelves in the refults, I fhall recite the iflue of 
fome that I made with this and other mixtures, 
and which I was obliged to put an end to when 
I removed my habitation on the 1 ift of July, 
1780. 

A gallipot, containing an ounce meafure and 
half of this mixture, having been confined, in a 
fmall quantity of common air in the beginning of 
July, 1779, had at the time above-mentioned 
produced fourteen ounce meafures of air, ftrongly 
inflammable; but the production was much more 
rapid at the firft than afterwards. The mixture 
was very hard. 

Another gallipot of the fame fi2e, put into a 
veffel of water, without any air, on the 23d of 
June, 1779, had three ounce meafures of inflam¬ 
mable air taken from it on the 26th of July fol_ 

3 lowing, 
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lowing, and at this time there were eleven ounce 
meafures, ftrongly inflammable. The mixture was 
veiy loft. 

Another equal quantity had yielded ftrong In¬ 
flammable air from the 24th of June to the 15th 
of July, 1779, and had from that time yielded 
about three ounce meafures of air, but flightly 
Inflammable. The mixture was very foft. 

There is the fame uncertainty attending experi¬ 
ments made with liver of Julphur, which alfo ex¬ 
hales phlogifton, and produces the fame effed both 
on common air and nitrous air, as iron filings and 
brimftone. On the 19th of May, 1779, I found 
a quantity of nitrous air, in which fome liver of 
fulphur had been confined from the 12th of Decem¬ 
ber preceding, and which was confiderably increafed 
in bulk, to be ftrongly inflammable ; and yet an¬ 
other quantity of this fubftance, and freftx made, was 
confined in quickftlver feveral months without pro¬ 
ducing any air at all. 

I have procured inflammable air, in a confider- 
a ble quantity, by diffolving iron filings in a folution 
of galls; and very probably the fame would be 
produced by means of any other aftringent fub- 
ftance. Indeed moft things that really decompofe 
the metal, and do not unite with the whole majs of 
it, will, I imagine, fet loofe the phlogifton it con¬ 
tains, in the form of inflammable air j though, in 
Vol. I. O feveral 


OBSERVATIONS ON 


Part I. 


194 


feveral of the cafes, the phlogifton might join 
lonne of the principles in the menftruum, and con¬ 
tribute to compofe a different fubftance. 

I was led to this obfervation of the production 
of inflammable air by the folution of galls, in con- 
fequence of being informed by Mr. Delaval, that 
ink might be made by putting iron to the folu¬ 
tion of galls ; for that the acid in the vitriol, ^hich 
is commonly ufed for the purpofe of making ink, 
is an unnecqflary, and frequently an inconvenient 
ingredient. 

Having mixed a quantity of pounded galls, iron 
filings, and water, I firft obferved, that, after a day 
or two, the whole mafs was very much fweiled, 
and that it was full of bubbles of air, which at the 
furface were very large. Sufpe&ing, from the 
fmell, and other circumftances, that the air con¬ 
tained in them was inflammable, I burft feveral of 
them near the flame of a Oandle, and found that 
they all made fmall explofions, fo that I could have 
no doubt concerning the quality of the air. 

I then mixed three ourices of pounded galls 
with water and iron filings, the quantity of which 
I did not note; and covering them with a large 
^ar full of water, found that, in about a week, they 
had produced fix ounce meafures of air, which 
was ftrongly inflammable, exaCtiy like that which 
is produced from iron by. the acids. In the fame 
i manner 


Sett. H- INFLAMMABLE AIR. 195 

manner I procured a quantity of this inflammable 
air by putting the above-mentioned mixture into 
a phial with a ground ftopper and tube. But this 
proceft is too flow for any ufc. 


SECTION II. 

Of inflammable Air from Oil, 

T HE eledric fpark taken in any kind of oil 
produces inflammable air, as I was led to 
obfcrve in the following manner. Having found, 
as will be mentioned hereafter, that ether doubles 
the quantity of* any kind of air to which it is ad¬ 
mitted ; and being at that time engaged in a courfe 
of experiments to afcertain the effed of the eledric 
matter on all the different kinds of air, I had the 
curiofity to try what it would do with common air , 
thus increafed by means of ether. The very firft 
fpark, I obferved, increafed the quantity of this 
air very confidcrably, fo that I had very foon fix 
or eight times as much as I began with; and 
whereas water imbibes all the ether that is put to 
any kind of air, and leaves it without any vifible 
O 2 change. 


I 96 OBSERVATIONS ON fort T. 

change, with refpedt to quantity or quality, this 
air, on the contrary, was not imbibed by water. It 
was alfo very little diminifhed by the mixture of 
nitrous air. From this it was evident, that it 
had received an addition of fome other kind of air, 
of which it now principally confided. 

In order to determine whether this effedl was 
produced by the wire y or the cement by which the 
air was confined (as I thought it poflible that phlo- 
gifton might.be difeharged from them) I made 
the experiment in a glafs lyphon, and by that 
means I contrived to make the eledtric fpark 
pafs from quickfilver through the air on which I 
made the experiment, and the effedt was the fame 
as before. At one time there happened to be a 
bubble of common air, without any ether, in one 
part of the fyphon, and another bubble with ether 
in another part of it; and it was very amufing to 
obferve how the lame eledtric (parks diminifhed 
the former of thefe bubbles, and increafed the 
latter. 

It being evident that the ether occafioned the 
difference that was obfervable in thefe two cafes, 
I next proceeded to take the eledtric fpark in a 
quantity of ether only, without any air whatever; 
and obferved that every fpark produced a fmall 
bubble; and though, while the (parks were taken 
in the ether itl'elf, the generation of air was (low, 

yet 
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yet when fo much air was collected, that the fparks 
we re obliged to pafs through it, in order to come 
to die ether and the quickfilver on which it relied, 
the increafe was exceedingly rapid ; fo that, making 
the experiment in fmall tubes, as fig. 16, PI. I. die 
quickfilver foon receded beyond the ftriking dif- 
tance. This air, by palling through water, was dimi- 
nilhed to about one third, and was inflammable. 

One quantity of air produced in this manner 
from ether I fuffered to Hand two days in water, 
and after that I transferred it feveral times through 
the water, from one veflfel to anodier, and Hill 
found that it was very ftrongly inflammable; fo 
that I have no doubt of its being genuine inflam¬ 
mable air, like that which is produced from metals 
by acids, or by any other chemical procefs. 

Concluding that the inflammable matter in this 
air came from the ether, as being of the clafs of 
oils, I tried other kinds of oil, as oil of olives, oil 
of turpentine, and effential oil of mint, taking the 
ele&ric fpark in them, without any air to begin 
with, and found that inflammable air was produced 
in this manner from them all. The generation of 
air from oil of turpentine was the quickeft, and 
frorrt the oil of olives the (lowed in thefe three 


" By the fame procefs I got inflammable- air from 
ftirit of wine, and about as copioufly as from the 
o 3 effential 
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eflential oil of mint. This air continued in water 
a whole night y and when it was transferred into 
another veffel was ftrongly inflammable. 

By the fame procefs I got inflammable air from 
the 'volatile fpirit of Jal ammoniac ; and as I have 
obferved before, the alkaline air which is expelled 
from the fpirit of fal ammoniac is inflammable. 

Endeavouring to procure air from a cauftic al¬ 
kaline liquor, accurately made for me by Mr. Lane, 
and alfo from fpirit of fait, I found that the electric 
fpark could not be made vifible in either of them ; 
fo that they muft be much more perfect condu&ors 
of eleariciry than water, or other fluid fubftances. 

In all thefe cafes it is probable that the ele&ric 
fpark only gave the fubftances the degree of beat 
that was neceffary to give the phlogilton, and the 
water they contained the form of permanent in¬ 
flammable air; for this was done much more effec¬ 
tually by a direct application of heat in the expert 
ments recited in the next fe&ion. 

Inflammable air will fometimes iffue fpontane- 
oufly from oil of turpentine. .1 once opened a 
pint phial, half filled with this kind of oil, and the 
cork being very tight, there mlHed out of it a 
great quantity of air; when applying the flame of 
a candle to the mouth of the phial, I found the re¬ 
mainder to be ftrongly inflammable. The oil was 
then quite full of air bubbles, and by the heat of 
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boiling water I expelled from a quantity of it an 
equal bulk of air, all ftrongly inflammable, UK- 
that which is obtained from metals. It was eight 
or ten hours in giving this air. When I could 
perceive the colour of the flame, I found it to be 

^Tthen took a quantity of the fame kind of oil, 
which had been kept in another phial, but I found 
the air incumbent upon it, within the ph.al, to be 
only common air; but making it m 

I expelled from it twice its bulk of air, al g y 

inflammable. I could not diftinguifh the colour 

' tS When I had thus expelled all the air which a 
quantity of this oil of turpentine feemed to contain, 

I agitated it very ftrongly, and frequently, m the 
courfe of two days, in order t0 make “ 
more air, that I might expel it again, 
not find that it had imbibed more than a very 
(mall quantity, and this, when it came out again, 
was only common air (lightly phlogifticated. The 
firft boiling had made it brown, and very vifeid. 
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SECTION in. 

Of the Production of inflammable Air from different 
Subflances, by means of Heat and JVater. 

TT is probable, that every fubftance which con- 
tains phlogiflon may be made to yield inflam¬ 
mable air. But for this purpofe they require dif¬ 
ferent modes of treatment, according to their refpec- 
tive natures. If the fubftances be fluid, heat ap¬ 
plied to them diredtly makes no change in their 
conflitution; but when they are made to pafs, in 
the form of vapour , through tubes previoufly made 
red hot, in which they are neceflarily expofed to 
a red heat themfelves, they are readily decompofed ; 
and the quantity of inflammable air that was yield¬ 
ed by fome of them, in this mode of treatment, 
appeared to me rather extraordinary. 

I began thefe experiments with fpirit of wine , 
having an apparatus proper to receive any water y 
or other fluid, that might be formed, or condenfed, 
in the procefs, PI. VII. fig. 2 . From two ounce 
meafures of fpirit of wine, which was made to pafs in 
vapour, through a red hot earthen tube, I got about 
1900 ounce meafures of air, which was all inflammable, 

without 
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without any mixture of fixed air in it, and which 
burned with a lambent blue flame. Thirty ounce 
meafures of diis air weighed eight grains lefs than 
an equal quantity of common air. In this procefs 
I collected 0.35 of an ounce meafure of water. 

In this experiment the air would have weigh¬ 
ed - 633 grains 

the watery refiduum 16S 

801 

and the fpirit of wine would have weighed. 821; 
fo that the produce was pretty nearly what might 
have been expe&ed from the materials, the nature 
of the procefs confidered. 

I then proceeded to fubjett to the fame procefs 
a quantity of vitriolic ether ; and making an ounce 
meafure of it pafs through the hot earthen tube, 
almoft filled with pieces of broken retorts, or cru¬ 
cibles (in order to make a greater quantity of red 
hot furface) I collected one tenth of an ounce mea¬ 
fure of water, and 740 ounce meafures of air, all 
inflammable, without any mixture of fixed air. It 
burned with a large lambent white flame, like that 
of wood in a common fire, and Would not explode 
with any mixture of dephlogifticated air. Twenty- 
nine ounce meafures of this air weighed five grains 
lefs than an equal bulk of common air. 

In the next place, I made fome vapour o( fpirit 
of turpentine pafs through the hot earthen tube, and 

procured 
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procured from it a quantity of inflammable air, 
that was very turbid, like black fmoke. But the 
black matter contained in it was foon depofited 
on the furface of the water in which it was received. 
This alfo contained no fixed air, and burned with 
a lambent flame, but much lefs luminous than that 
in the preceding experiment. The fmell of this 
air was fo exceedingly offenfive, that, the appara¬ 
tus being a little deranged, I difcontinued the pro- 
cels before I had afcertained the quantity of air, 
and without collecting any water, which I foppofo 
would have been given. Thirty ounce meafures 
of this air weighed eight grains lefs than an equal 
quantity of common air. 

I did not repeat this experiment with olive oil, 
being apprehenfive that the procefs would be even 
more offenfive than that with the fpirit of turpen¬ 
tine, and nothing material depending upon it. But, 
upon another occafion, I mixed an ounce of olive 
oil with 874 grains of calcined whiling j and fub- 
jedting it to a red heat in an earthen retort, 1 got 
from it near 300 ounce meafyres of air, and Ihould 
probably have got much more, if there had been 
more whiting in proportion to the oil. The firft 
portion of this air burned with a large white flame, 
and the laft with a flight lambent blue one, ex- 
a£tly refembling the varieties in the procefs for 
extracting air from wood i fo that there can be no 

doubt, 
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doubt, but that it is the oil in the wood that gives 
tl>e air. That excellent philofopher, Mr. Volta, 
was the firft who hit upon this method, or a fimilar 
one, of getting inflammable air from oil ; and he 
has given a large account of its peculiar properties. 

From other experiments that I made, it appears, 
that water \s efiential to the formation of inflam¬ 
mable air. In all the liquid fubftances mentioned 
above, the water that enters into their compofition 
is fufficient for the purpofe; and fpirit of wine, 
and ether, appear to contain more water than is 
necefiary. But when the fubftances are dry , and 
water does not enter as a necefiary ingredient into 
their compofition, water muft be introduced into 
the procefs. This is the cafe with all the metals, 
and it is no lefs fo with Julphur, arjenic , and pro¬ 
bably other fubftances of a fimilar nature, which 
mere heat only fublimes. 

Tranfmitting fleam over a quantity of futyhur, 
which was melting in a hot earthen tube, I pro¬ 
cured from it a quantity of inflammable air, with¬ 
out any fixed air; and by analyfis it appeared tQ 
be of the fame quality with that which is procured 
from iron by Qil of vitriol. This procefs is rather 
troublefome, on account of the fulphur fubliming, 
and filing up the tubes through which the air is 
conveyed. 


I then 
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I then repeated the fame procefs with arjenic , 
and from this fubflance I procured air in great 
plenty. One feventh of it was fixed air, but the 
reft ftrongly inflammable, and the fmell of it could 
not be diftinguifhed from that of phofphorus. 
Twenty ounce meafures of this air weighed four 
grains and a half lefs than an equal quantity of 
common air. This experiment was no lefs trou- 
blefome than the preceding, on account of the 
arfenic fubliming, and choking up the tubes. 

Having found a very heavy kind of inflamma¬ 
ble air by heating the fcales of iron mixed with 
charcoal , I made the following experiment in or¬ 
der to afcertain the quantity of air that might be 
procured from a given quantity of thefe materials. 
Mixing two ounces of the fcales, or finery cinder 
(which I found to be the fame thing) with one 
ounce of perfect charcoal, I got from it, in an 
earthen retort, 580 ounce meafures of air, one tenth 
of the firft part of which was fixed air; but after¬ 
wards it was all inflammable. The fubftances 
were pretty firmly concreted together, and weighed 
1044 grains; fo that the lofs of weight was 396 
grains, which muft have been very nearly the 
weight of the air procured. Forty ounce meafures 
of this air, freed from all fixed air, weighed two 
grains more than an equal quantity of common air. 
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Befides the water, which feems to be eflfential 
to the conftitution of inflammable air, this fpecies 
of air readily imbibes more water, which adds 
o-reatly to its fpecific gravity. This feems at leaft 
to be indicated by the following experiment. Fill- 
- a dry bladder with inflammable air, received 
immediately from the veffel containing the iron 
and diluted oil of vitriol, from which it was gene, 
rated, I found that thirty ounce meafures of it 
weighed more than feventeen grains lefs than an 
equal bulk of common air; but when I weighed 
that inflammable air of the fame kind which had 
been confined by water in the fame bladder, it was 
only fourteen grains lefs than an equal quantity of 
common air. This 1 repeated feveral times with 
the fame refult. This air, therefore, could only 
be about three times lighter than common air; 
whereas the other was more than ten times 
lighter. 

Having frequently examined the fpecific gravity 
of inflammable air which has been long confined 
by water, by weighing it in a bladder, and then 
prefling out the air, and weighing it when empty 
(which has the fame effeft as weighing it full of 
common air) I have feldom found fuch air more 
than five times lighter than an equal portion of 
common air; f° that the fp e «fic gravity of this air is 
foon doubled by being kept in theft circumftances. 

SEC- 
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SECTION IV. 

Of Air produced by Subftances 'putrefying hi Water, 

HTHE experiments recited in this and the Fol- 
■** lowing fe&ion were entered upon chiefly to 
difeover the principle of nutrition in vegetable and 
animal fubftances ; arid they feem to lead us to 
fuppofe, that this principle is phiogifton, or the 
principle of inflammability, in foch a ftate as to be 
capable of becoming, by putrefaftion, a true in¬ 
flammable air, but not generally fuch as to burn 
with explofions, but rather with a blue and lam¬ 
bent flame, mixed with a certain proportion df 
fixed air. 

In the putrefa&ive procefs the phiogifton is 
merely evolved, and not again combined with any 
thing, except what may be necefiary to its af- 
fuming the Form of inflammable air 5 but in 
nutrition it is immediately held in Folutioii by tile 
gaftric juice, and in the chyle Formed by it. But 
iF any part oF the aliment paFs the ftomach, ahd 
the firft inteftines, without having all its phlogift on 
incorporated with the chyle, that principle re¬ 
mains in the excrement, where it is often fet loofe 


in 
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in the form of inflammable air, the fame form that 
it would have taken if it had gone through the 
Ample putrefactive procefs. The phlogifton of the 
aliment, thus entering into the circulation with the 
chyle, after anfwering purpofes in the animal ceco- 
nomy which are yet very imperfectly known to us, 
is thrown out again by means of the blood in the 
lungs, and communicated to the air, which is phlo- 
gifticated by it. 

All alimentary fubftances not only contain phlo- 
crifton, but I believe are capable of yielding a 
proper inflammable air by putrefaction. But in 
the following experiments on fuch vegetables as 
are generally ufed for food, roots feem to yield it 
in a greater abundance titan other parts of plants; 
but there are fotne remarkable differences among 
them in this refpeCt. Jr or though potatoes are 
exceedingly favourable to the growth of that 
green vegetable fubftance, which yields pure air 
fo copioufly, owing probably to the phlogifton 
they contain, onions y perhaps equally nutritive with 
potatoes, are exceedingly unfriendly to that plant-, 
but then they yield inflammable air in ah aftonifh- 
ing quantity, when they are left to putrefy in water. 
This I rather lufpeCl is a proof, that onions con ¬ 
tain more phlogifton, and are the more nutritive 
fubftance, of the two, 


On 
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On the 28th of June I expofed to the fun 
eighteen penny-weights of onions, in a jar of an 
hundred ounces of river water, inverted in a bafon of 
the fame. They prefently began to yield air, but 
without ever becoming green; and on the 15^ 
of July the quantity was fifteen ounce meafures, 
a fmall part of which was fixed air, and the reft 
ftrongly inflammable. The water was white and 
turbid, and the air had a ftrong fmell of onions. 

About the fame time I obferved that it made 
no difference, with refpeft to the quality of this 
air, whether the onions were placed in the light or 
in the dark, the principle of vegetation not being 
concerned in this cafe. And though I obferved 
the following differences in the quantities of air 
produced in the fun and in the fhade, they were 
not uniform, and therefore muft have depended 
upon fome unknown accidental circumftances. 

On the iyrii of July I put two onions, each 
weighing an oun pz. and a quarter, in the fun, and 
two others of the fame fize, in a fimilar jar in 
the dark. On the 23d I examined them, and 
had twenty four ounce meafures of air in the fhade, 
and only twelve from thofe in the fun; but the 
latter was more ftrongly inflammable than the 
former, which burned with more of a lambent 
flame, though both exploded in fome meafure, fo 

as 
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as to be fomething more inflammable than air from 
marfhes. 

Having kept a quantity of this air* from the 
time above-mentioned to the 20th of July, 1780, 

I found it then ftrongly inflammable, litde inferior 
to the inflammable air from metals. Perhaps the 
fixed air, which had been mixed with it before, 
was now completely expelled from it. It appears, 
however, that this kind of inflammable air has an 
inflammability of as permanent a nature as any 
whatever. The air from marfhes alfo, which, with 
Sig. Volta, I doubt not comes from putrefying 
vegetable fubftances, I have alfo found to be equally 
permanent. 

On the iftof Auguft I took two halves of the 
fame onion (which was an old one, and beginning 
to fprout) each half weighing feventeen penny¬ 
weights twelve grains, and I placed one of them 
in the fun, and the other in the lhade, both in 
fimilar receivers. On the 24th of the fame month, 
that in the fun had given an ounce meafure and 
three quaRters of air, of which one fifth was fixed 
air, and the reft inflammable. From that in the 
dark I took two ounce meafures and a quarter of air, 
one third of which was fixed, and the reft inflam¬ 
mable. From thefe experiments I was ready to 
conclude, that onions (and therefore, probably, 
other vegetable fubftances) would always give more 
VOL. I. * * 
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air in the dark than in the light; but the follow¬ 
ing experiments fhewed that this is by no means 
the cafe always. 

The 30th of July I placed in the fun, in a vef- 
fel containing fifty ounces of water, a part of a frefh 
gathered onion, weighing nine penny-weights, and 
alfb another part of the fame onion, and of the 
fame weight, in a veffel of the fame fize in the 
dark. On the 24th of Auguft that in the fun had 
yielded three ounce meafures of air, all inflam¬ 
mable, and that in the dark had produced as nearly 
as poflible the fame quantity, and as inflammable, 
when the fixed air that was mixed with it was 
wafhed out of it. The fixed air which had been 
extricated in the fun had been diflipated by means 
of the free accefs of frefh air. 

Upon a former occafion I got only fixed air 
from onions confined by quicldilver; but then they 
wanted moifture, or were not kept till they were 
properly putrid. For I have fince got inflamma¬ 
ble air, as well as fixed air, from onions kept in 
quickfilver, from the 2d of September, 1779, to 
the 31ft of March, 1780. The onions weighed 
twelve penny-weights twenty grains, and the air 
was half an ounce meafure, three fourths of which 
was fixed air, and the reft inflammable. It appears 
from this, as well as from many other obfervations 
which I fhall have occafion to mention hereafter, that 

npither 
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neither fixed air, inflammable air, or nitrous air, 
can be produced without a confiderable quantity of 
water, part of which we may therefore, with great pro¬ 
bability, infer enters into the compofition of thefe kinds 
of air; though when they are formed, we may not 
know any method of difeovering, and re-producing 
that water. 

Both carrots and parjnips yield great quantities 
of inflammable air, and equally in the fun or in 
the fhade. 1 was at one time much amufed with 
obferving the inflammable air iffuing from one of 
the carrots in the fun. It came fometimes in a 
conftant ftream, or in large fucceflive bubbles, 
from one particular place, neither at the centre, 
nor near die outflde of the carrot, but in the place 
where the air holes are the largeft. 

To afeertain the quantity of air produced from 
a given weight of thefe two roots, I placed as much 
of a parfnip as, by expelling water from a cylindri¬ 
cal veflel, I found to occupy the fpace of two 
ounce meafures and a quarter of water, in the fun; 
and the next day I took from it four ounce mea¬ 
fures of air, all fixed air, the refiduum extinguifh- 
ing a candle. This was on the 29th of July, and 
on the 31ft of the fame month I took from it four 
ounce meafures more, of which two thirds of an 
ounce meafure was inflammable. On the 2d of 
Auguft: I again took from it four ounce meafures, 
P 2 one 
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one fourth of which was inflammable, exploding 
with a blue flame. Taftly, on the 24th of Auguft, 
perceiving that no more air would be produced, 
I took from it one third of an ounce meafure; 
one third of which was fixed air, and the reft not 
inflammable, but phlogifticated. 

From carrots occupying the fpace of an ounce 
meafure and a half of water, expofed to the fun in 
rain water, from the 26th to the 31ft of July, I 
took ten ounce meafures of air, of which an ounce 
meafure and half was ftrongly inflammable, ex¬ 
ploding with a red flame; and on the 4th of 
Auguft I took from them near four ounce meafures 
of air, of which more than one half was inflam¬ 
mable. The water, which had a large furface, 
had probably abforbed much of the fixed air. 
This, however, was all die air that thefe carrots 
would yield. 

An equal weight of carrots, expofed the fame 
time in the dark, yielded nearly the fame quantity 
of air, but only a fmall proportion of it was in-, 
flammable. This, however, I do not attribute to the 
darknefs, but to fome other unknown circumftance. 

A diced turnip frelh gathered, weighing near 
three ounces, expofed in the fun in rain water, 
yielded twelve ounce mealures of air, one third 
of which was fixed air, and the reft ftrongly in¬ 
flammable. 
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On the 30th of July two ounces of turnip, 
frefti gathered, were placed in the dark, m a vef- 
fel containing feventy ounce meafures of water 1 
and on the 24th of Auguft I took from it an 
ounce meafure and a quarter of air, of which one 
ounce meafure was phlogifticatcd, not inflamma¬ 
ble The water was exceedingly offenfive, This 
phlosifticated air had been, I doubt not, inflam- 
friable in its origin, and in much greater quantity. 
When a turnip was iliced very thm, and the quan¬ 
tity of water large, I lhall obferve.thatdephlog.fti- 

cated air is produced. 

Fruits , I found by no means favourable to th 
produftion of pure air. Like the preceding roots 
they putrefied, and yielded inflammable air* mixed 
with fixed air. From peaches, both in the fun and 
in the lhade, I got air, three fourths of which was 
fixed air, and the reft inflammable ; but on this 
occafion the quantity of air produced in the lun 
was twice as much as that produced in the (hade; 
though the quantity of water in which they were 
expofed was the lame, and the peaches themfelves 
were, as far as I could perceive, of the fame fize, 
fin d in the fame (late. 

I placed two Morelia cherries, one in the fun, 
and the other in the (hade, in equal vefiels of 


114 observations on Part l ; 

an ounce meafure of air, and from that in the 
fliade one fifth of an ounce meafure, both inflam¬ 
mable. I had the fame refult with apricots. 

Having found the capacity of thefe nutritive 
fubftances to yield inflammable air, I next tried 
whether they would part with any of it in boiling. 
But I found that none of them did, but only in 
putrefying afterwards j fo that this mode of prepara¬ 
tion (and the fame I doubt not would be found 
to be the cafe with roafting, &e.) does not deprive 
any of thefe aliments of any part of their nutritive 
power. 

From nineteen penny-weights eighteen grains of 
omens I expelled, by boiling in river water, half 
an oupce meafure of air, of which one third 
was not abforbed by water, and extinguilhed a 
candle. 

From one ounce fifteen penny-weights of let¬ 
tuce I got three quarters of an ounce meafure of 
air, of which half an ounce meafure was phlo- 
gifticated air. 

trom one ounce fixteen penny-weights twelve 
grains of carrots I got three quarters of an ounce 
meafure of air, of which about one ounce meafure 
was phlogifticated air. 

Thefe differences are inconfiderable, and feme 
of the air, no doubt, came from the water in 

which 
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which thefe fubftances were boiled. Afterwards 
the potatoes and carrots, putrefying in water, 
yielded each more than two ounce meafures of 
a lr y one half of which was fixed air, and the 
reft inflammable. The onions yielded only about 
half an ounce meafure of air, but it was of the 
fame kind, and the lettuce gave only a tenth of 
of an ounce meafure, in which nothing could be 
perceived to be inflammable. But I did not 
begin to colled this air till a day or two af¬ 
ter the procefs of boiling, when I perceive 
fome of the fubftances to be in a ftate of yield¬ 
ing air. 
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SECTION V, 

Of Air produced by various Subfiances -putrefying in 
Quickfilver. 

JN Tome of the firft of my experiments I amufed 
mylelf with putting different vegetable and ani¬ 
mal fubftances into tall glafs veflels, previoufly filled 
with mercury, and the following were among the 
refuks which I then noted. 

If beef or mutton, raw or boiled, be placed fo near 
to the fire, that the heat to which it is expofed fhall 
equal, or rather exceed, that of the blood, a confider- 
able quantity of air will be generated in a day or 
two, about one feventh of which I have generally 
found to be abforbed by water, while all the reft was 
inflammable : but air generated from vegetables, in 
the fame circumftances, will be almoft all fixed air, 
and no part of it inflammable. This I have re¬ 
peated again and again, the whole procefs being in 
quickfilver; fo that neither common air, nor water, 
had any accefs to the fubftance on which the experi¬ 
ment was madej and the generation of air, or efflu¬ 
vium of any kind, except what might be abforbed 
by quickfilver, or reforbed by the fubftance itfelf, 
might be diftin&ly noted. 

A veget- 
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A vegetable fubftance, after {landing a day or two 
in thefe circumflances, will yield nearly all the air 
that can be extracted from it, in that degree of heat; 
whereas an animal fubftance will continue to give 
more air or effluvium, of fome kind or other, with 
very little alteration, for many weeks. It is re¬ 
markable, however, that though a piece of beef or 
mutton, plunged in quickfilver, and kept in this 
degree of heat, yield air, the bulk of which is in¬ 
flammable, and contracts no putrid fmell (at leaft, in 
a day or two) a moufe treated in the fame manner, 
yields the proper putrid effluvium, as indeed the 
fmell fufficiently indicates. 

By means of thefe experiments, and thofe in the 
preceding fe&ion, it may be pofiible to determine 
the nutritive powers of different vegetable and ani¬ 
mal fubftances, and alfo other problems in philo- 
fophy; themgh too much mult not be expected 
from them. 

It might have been imagined, that by this means 
we fhould be able to ^certain the quantity of air 
that any mafs of putrefeent matter would thoroughly 
phlogifticate. For any given quantity of inflam¬ 
mable air will completely phlogifticate twice its 
bulk of common air. But it will be found that a 
putrefying moufe will phlogifticate much more than 
that proportion of air. There muft, therefore, 
b e .much more phlogifton in a moufe than 

forms 
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forms the inflammable air which comes from it. 
Perhaps, therefore, that phlogifton which contributes 
to animal nutrition, may alfo be more than that 
which enters into the compofition of the inflammable 
air that comes from the putrefying fubftance. This 
is a fubjeft that requires and deferves much farther 
inveftigation. I only recite the following as leading 
experiments , to the folution of greater problems. 
They are, indeed, upon too fmall a fcale to be of 
much ufe even for this purpofe ; except to fhew 
that the lame kind of fubftance, which in a large 
quantity yields inflammable air, in a fmall quantity 
may yield phlogiflicated air. 

A fmall fijhy weighing forty four grains, being 
confined in quickfilver from the 21ft of May to the 
24th of Auguft, gave fomething more than half an 
ounce meafure of air, two thirds of which was fixed 
air, and the remainder extinguifhed a candle, but 
was not fenfibly inflammable. 

From two pennyweights of well boiled beef I got 
a very fmall quantity of air,* the bulk of which was 
fixed air, and the reft not inflammable. At another 
time, from one pennyweight and nineteen grains of 
raw beef \ I got 0.22 of an ounce meafure of air, nine 
tenths of which was fixed air, and' the reft extin- 
guiihed a candle. 

From fifty-three grains of raw lamb , I got 0.17 
of an ounce meafure of air, the bulk of which was 

fixed 
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fixed air, and the reft not fenfibly inflammable: but 
from two pennyweights and two grains of well 
roafted lamb, I got three quarters of an ounce mea- 
fure of air, half of which was fixed air, and the reft 
highly inflammable; and fome time after I took 
from the fame fubftance half an ounce meafure of air 
more, of which three fourths was fixed air, and the 
reft inflammable. 

From thirteen pennyweights and four grains of 
the tendon of a roafted. neck of veal, I got an ounce 
meafure and half of air, of which half was fixed air, 
and the reft phlogifticated. Afterwards I took from 
it one ounce meafure and three quarters of pure 
fixed air, with the fmalleft refiduum pofiible. In 
the former experiment alfo, as well as on a former 
occafion, I found that the inflammable air was 
extricated firft, and a long time before all the fixed 
air was exhaufted. 

Having had occafion to make many experiments 
with putrefying mice, and having more in profped, 

I was particularly defirous to afcertain the quantity 
and quality of the air produced by a moufe of the 
middle fize putrefying in quickfilver, and I found as 
follows. A moufe weighing fix pennyweights and 
three grains, confined by quickfilver, which had pu¬ 
trefied from the 8th of April, had yielded on the 
„4th 0 f July one ounce meafure and three quarters 
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of air, of which one fourth was weakly inflammable, 
and the reft fixed air. This I found, by other expe¬ 
riments, was nearly as much as a moufe would yield 
in thefe circumftances. 

Having left another moufe to putrefy in quick- 
filver, I took the air produced from it at different 
times, in order to fatisfy myfelf more fully with 
refpedt to the proportion that the fixed and inflam¬ 
mable air bore to each other, from the beginning to 
the end of the procefs. The moufe weighed five 
pennyweights and ten grains, and it was put into an 
inverted veflel of quickfilver on the 13th of June. 
On the 26th of that month, I took from it near an 
ounce meafure of air, three fourths of which was 
fixed ajr, and the reft inflammable, burning with a 
very blue flame. On the 16th of Auguft I took 
from it an ounce meafure and a quarter of air, of 
which four fifths was fixed air, and the reft, if it was 
inflammable at all, was fo in the flighted degree 
imaginable; and laftly, on the 3d of April follow¬ 
ing, I took from it a fmall quantity of air, perhaps 
one tenth of an ounce meafure, the whole of which 
was, as far as I could judge, all fixed air. 

When a moufe is left to putrefy in this manner, 
there comes from it a great quantity of diffolyed 
blood, or fome other thin reddifti liquor. This I 
carefully feparated from what was jolid in the moufe, 

and 
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and found that this continued to give air, when the 
liquor gave little or none; fo that perhaps it may be 
fomething /olid in all bodies that contributes to the 
formation of permanent air. By long (landing, 
however, I did get a little air from this red liquor, 
and it was almoft all fixed air. It was, perhaps, 
combined with it, at its feparation from the moufe. 

The experiments on fome of the different parts 
and Jecretions of animal bodies were made on the 
fame fmall fcale with mod of the preceding, and 
therefore they can only have the fame imperfed ufe. 

From feven pennyweights of the medullary part 
of a fheep’s brain raw, I got four and a half ounce 
meafures of air, of which one fifth part of an ounce 
meafure was inflammable, and the reft fixed air. I 
alfo found by fimilar experiments, that the cortical 
part of the lame brain gave fomewhat lefs air than 
the medullary part; but the proportion of the in¬ 
flammable to the fixed air was the fame. No cer¬ 
tain inference, however, can be drawn from experi¬ 
ments on fo fmall a fcale as thefe. 

Two pennyweights of mutton gravy yielded 0.02 
of an ounce meafure of air, the greateft part of 
which was fixed air, and the remainder feemingly 
inflammable. 

Two pennyweights of the craffamentum of fheep’s 
blood gave only a fmall bubble of air, too fmall to 
be examined. The Jerum alfo yielded fome air, the 

bulk 
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bulk of which was fixed air, and the reft phlogifti- 
cated. 

An ounce meafure of milk yielded near half an 
ounce meafure of air, almoft pure fixed air, a fmall 
remainder being phlogifticated. 

An ounce meafure and an half of the bile of a 
fheep yielded half an ounce meafure of air, almoft 
all fixed air, the fmall refiduum being phlogifticated. 

I fhould not have made thefe experiments on fo 
very fmall a fcale, but that I expe&ed a greater 
quantity of air from all the fubftances, and becaufe 
lefs quickfilver was wanted for the purpofe j fo that 
I could have more proceffes going on at the fame 
time. Had the fame fubftances putrefied in water, 
they would have yielded many times more ’ air* 
water appearing to be an effential ingredient in the 
conftitution of inflammable air. 
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part II. 

OF THE PROPERTIES OF INFLAMMABLE AIR. 


SECTION I. 

Various Experiments to change and dcccmpcfe inflam¬ 
mable Air. 

1. Inflamnalle Air diminijhed by Charcoal 

I N purfuance of the Abbe Fontana’s experi¬ 
ment on the abforption of air by charcoal, 
I dipped pieces of hot charcoal into a phial of in¬ 
flammable air, and immediately inverted it in quidk- 
fflver. When one third of the whole quantity was 
imbibed, I found that both the remainder, and 
that which was again expelled from the charcoal, 
by plunging it in water, was inflammable; the 
former not to be diftinguilhed from what it had 
been, but the latter a little lefs inflammable. 

Of 
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1 . Of Putrefaction in inflammable Air. 

Though air tainted with putrefaction extin- 
guifhes flame, I have not found that animals or 
vegetables putrefying in inflammable air render it 
lefs inflammable. But one quantity of inflamma¬ 
ble air, which I had fet by in May, I 77 1 ’ a ^ on g 
with the others above-mentioned, had had foine 
pufrjd flefli in it; and this air had loft its inflamma¬ 
bility, when it was examined at the fame time 
with the other in the December following. The 
botde in wliich this air had been kept, fmelled 
exactly like very ftrong Harrogate water. I do 
not think that any perfon could have diftinguilhcd 
them. 

j. Plants growing in inflammable Air. 

I have made plants grow for feveral months 
in inflammable air made from zinc, and alfo from 
oak ; but, though they grew pretty well, the air 
ftill continued inflammable. The former, indeed, 
was not fo highly inflammable as when it was 
frefh made, but the latter was quite as much fo; 
and the diminution of inflammability in the former 
cafe, I attribute to fome other caufe than the growth 
of the plant. 


Water 
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4. Water impregnated with inflammable Air. 

Neither does inflammable air undergo any 
change by impregnation with water, in which re- 
fpe£t, it agrees with what I have obferved of 
nitrous air. For having impregnated a quantity 
of rain water (out of which all its air had been 
carefully extra&ed by the air pump) with inflam¬ 
mable air, of which it imbibed about one thirteenth, 
of its bulk 5 about a month afterwards, by making 
it boil in a phial, I expelled from it about the 
fame quantity of air, and found it to be as ftrongly 
inflammable as it had ever been. After this pro- 
cefs there was a depofit from the water of a filmy - 
kind of matter, probably the earth of the metal 
that had been employed in producing the inflam¬ 
mable air. In both thefe refpedts inflammable 
air refembles nitrous air. 

Having had the curiofity, on the 25th of July, 
1772, to expofe a great variety of different kinds 
of air to water out of which the air it contained 
had been boiled, without any particular view; the 
refult was, in feveral refpedts, altogether unexpedt- 
ed, and led to a variety of new obfervations on 
the properties and affinities of feveral kinds of air 
with refpedt to water. Among the reft three 
fourths of that which was inflammable was ab- 
VOL. I. Q. forbed 
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forbed by the water in about two days, and the 
remainder was inflammable, but weakly fo. 

Upon this, I began to agitate a quantity of 
ftrong inflammable air in a glafs jar, (landing in 
a pretty large trough of water, the furface of 
which was expofed to the common air, and I 
found that when I had continued the operation 
about ten minutes, near one fourth of the quantity 
of air had difappeared ; and finding that the re¬ 
mainder made an efifervefcence with nitrous air, 

I concluded that it mu ft have become fit for re- 
fpiration, whereas this kind of air is, at the firft, 
as noxious as any other kind whatever. To afcer- 
tain this, I put a moule into a veflel containing 
two ounce meafures and a half of it, and obferved 
that it lived in it twenty minutes, which is as long , V 
as a moule will generally live in the fame quantity 
of common air. This moufe was even taken out 
alive, and recovered very well. Still alio the air 
in which it had breathed fo long was inflammable, 
though very weakly fo. I have even found it to 
be fo when a moufe has actually died in it. In¬ 
flammable air thus diminifhed by agitation in 
t , water, makes but one explofion on* the approach 
of a candle, exa£tly like a mixture of inflamma¬ 
ble air with common air. 

From this experiment I concluded that, by con¬ 
tinuing the fame procefs, l (hould deprive inflam¬ 
mable 
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mable air of all its inflammability, and this I 
found to be the cafe; for, after a longer agitation* 
it admitted a candle to burn in it, like common 
air, only more faintly* and indeed by the teft of 
nitrous air it did not appear to be near fo good 
as common air. Continuing the fame proceis (till 
farther, the air which had been molt ftrongly in¬ 
flammable a little before, came to extinguifh a 
candle, exattly like air in which a candle had burn¬ 
ed out, nor could they be diftinguilhed by the teft 
of nitrous air. 

I took fome pains to afcertain the quantity of 
diminution, in frefli made and very highly inflamma¬ 
ble air from iron, at which it ceafed to be inflamma¬ 
ble, and, upon the whole, I concluded that it was 
fo when it was diminifhed a little more than one 
half: for a quantity which was diminifhed exaftly 
one half had fomething inflammable in it, but in 
the flighted degree imaginable. It is not impro¬ 
bable, however, but there may be great differences 
in the refult of this experiment. 

This change in the inflammable air proceeded, 
I doubt not, from its communication with the 
external air through the water; fo that I fhould 
not expeft the fame change from the agitation 
of it in clofe veffels. Phlogifticated air is meli¬ 
orated by agitation in open veffels, but not in 
xhje cnes. 
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Finding that water would imbibe inflammable 
air, I endeavoured to impregnate water with it, 
by the fame procefs by which I had made water 
imbibe fixed air; but though I found that diflilled 
v/ater would imbibe about one fourteenth of its 
bulk of inflammable air, I could not perceive 
that the tafte of it was fenfibly altered. 

5. Inflammable Air agitated in Oil of Turpentine. 

The effed of agitating inflammable air in 
oil of turpentine, and alfo in fpirit of wine, is not 
a little remarkable. They feem to bring it at 
lafl to the fame ftate to which it is brought by 
agitation in water , only that, whereas it is diminijhed 
by the procefs in water, it is increafed in thefe 
procefles. Both thefe fubftances, however, as well 
as water, feem to deprive this air of part of its 
phlogifton. The fads, as I obferved them, were 
as follows. 

Having agitated a quantity of inflammable ah 
in oil of turpentine, I prefently obferved an in- 
creafe of its quantity, and I continued the procefs 
till it had increafed one half. Agitation in fpirit 
of wine produced the fame effed, but more time 
was requifite for it. Allowing it to continue in 
thefe circumftances all night, I found that one half 
of the additional quantity of air had difappeared; 
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but by repeating the agitation about a quarter of 
an hour, it was again increafed as much as before. 

I then examined it, and found that it was not in 
the lead abforbed by water, did not affetd lime 
water, was but very (lightly inflammable, and was 
diminifhed by nitrous air almoft as much as com¬ 
mon air; which is in all refpe&s the very date 
to which agitation in water would have brought 
it, except that in water it would have been con¬ 
fide rably diminiihed, indead of being increafed 
I agitated another quantity of inflammable air 
in oil of turpentine made pretty warm y but the 
effeft was the very fame as when it was cold. In 
this cafe, however, though I hardly ever difcon- 
tinued the agitation, after I had begun it, when it 
had gained an increafe of about one fourth of its 
bulk, it lod it again, and was reduced to its 
original dimenfions. 1 then examined it, and 
found it to burn with a lambent blue flame. I 
own myfelf to be intirely at a lofs to account for 
the increafe and decreafe of the quantity of air 
in thefe experiments. 


6. Animals dying in inflammable Air. 

Inflammable air kills animals as fuddenly as 
fixed air, and, as far as can be perceived, in 
the fame manner, throwing them into convulflons, 
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and thereby occafioning prefent death. I had 
imagined that, by animals dying in a quantity of in¬ 
flammable air, it would in time become lefs noxious; 
but this did not appear to be the cafe; for I killed 
a great number of mice in a fmall quantity of 
this air, which I kept feveral months for this pur- 
pofe, without its being at all fenfibly mended; 
the laft, as well as the firft moufe, dying the mo¬ 
ment it was put into it. 

7. Inflammable Air changed by keeping in Water . 

Inflammable air is not thought to be mif- 
cible with water, and when kept many months, 
fee ms, in general, to be as inflammable as ever. 
Indeed, when it is extra&ed from vegetable or 
animal fubftances, a part of it will be imbibed by 
the w^ter in which it llands; but it may be pre¬ 
fumed, that in this cafe, there was a mixture of 
fixed air extracted from the fubftance along with 
it. I have indifputable evidence, however, that 
inflammable air, (landing long in water, has actu¬ 
ally loft all its inflammability, and even come to 
extinguiih flame much more tha'n that air in 
which candles have burned out. After this change 
it appears to be greatly diminifhed in quantity, 
and it (till continues to kill animals the moment 
they are put into it. 
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This very remarkable. fad firft occurred to my 
obfervation on the 25th of May, 1771, when I 
was examining a quantity of inflammable air, 
which had been made from zinc, near three years 
before. Upon this, I immediately fet by a com¬ 
mon quart bottle filled with inflammable air from 
iron, and another equal quantity from zinc; and 
examining them in the beginning of December 
following, that from the iron was reduced near one 
half in quantity, if 1 be not greatly m.ftaken ; for 
I found the bottle half full of water, and I am 
pretty clear that it was full of air when it was 
fet by. That which had been produced from 
zinc was not altered, and filled the bottle as 

at firft. . 

I think that, in all, I have had four mftances 
of inflammable air lofing its inflammability, while 
it flood in water. It is very poffible, however, 
that there might be fome impregnation in this 
Water, of which I was not aware, fince other perfons, 

I find, have not found any change in inflammable 
air by keeping it in pure water. 

November 6, 1772, a quantity of inflammable 
air, which, by long keeping, had come to extin- 
guiih flame, I obferved to fmell very much like 
common air in which a mixture of iron filings an 4 
brimftone had ftood. It was not, however, quite 
ib ftrong, but it was equally noxious, 
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8. The eleffric Spark in inflammable Air . 

No kind of air, on which I have yet made 
the experiment, will conduct electricity; but the 
colour of an eleCtric fpark is remarkably different 
in fome kinds of air, which feems to fhew 
that they are not equally good non-conduCtors. 
In fixed air, the eleCtric f^ark is exceedingly 
white; but in inflammable air it is of a purple, 
or red colour. Now, fince the moft vigorous 
lparks are always the whiteft, and, in other cafes, 
when the fpark is red, there is reafon to think that 
the eleCtric matter paffes with difficulty, and with 
lefs rapidity : it is poffible that the inflammable air 
may contain particles which conduct electricity, 
though very imperfectly; and that the whitenefs 
of the fpark in the fixed air, may be owing to 
its meeting with no conducting particles at all. 
When an explofion was made in a quantity of 
inflammable air, it was a little white in the center, 
but the edges of it were ftill tinged with a beau¬ 
tiful purple. The degree of whitenefs in this cafe 
was probably owing to the eleCtric matter rufhing 
with more violence in an explofion than in a com¬ 
mon fpark. 

9. The Smell of inflammable Air. 

Inflammable air, when it is made by a quick 
procefs, has a very ftrong and offenfive fmell, 

from 
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from whatever fubftance it be generated j but this 
fmell is of three different kinds, according as the 
a i r is extracted from mineral, vegetable, or animal 
fubftances. The laft is exceedingly fetid; and it 
makes no difference, whether it be extracted from 
a bone, or even an old and dry tooth, from foft 
mufcular flefh, or any other part of the animal. 
The burning of any fubftance occafions the fame 
fmell: for the grofs fume which arifes from them, 
before they flame, is the inflammable air they 
contain, which is expelled by heat, and then readily 
ignited. The fmell of inflammable air is the very 
fame, as far as I am able to perceive, from what¬ 
ever fubftance of the fame kingdom it be extract¬ 
ed. Thus it makes no difference whether it be 
got from iron, zinc, or tin, from any kind of wood, 
or, as was obferved before, from any part of an 
animal. 

If a quantity of inflammable air be contained in 
a glafs veffel ftanding in water, and have been 
generated very faft, it will fmell even through the 
water, and this water will alfo foon become cover¬ 
ed with a thin film, affuming all the different 
colours. If the inflammable air have been gene¬ 
rated from iron, this matter will appear to be a 
red ochre, or the earth of iron, as I have found by 
colleding a confiderable quantity of it j and if it 

have 
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have been generated from zinc, it is a whitifh 
fubftance, which I fuppofe to be the calx of the 
metal. It likewife fettles to the bottom of the 
vefiel, and when the water is ftirred, it has very- 
much the appearance of wool. When water is 
once impregnated in this manner, it will continue 
to yield this fcum for a confiderable time after 
the air is removed from it. This I have often 
obferved with refped to iron. 


SECTION II. 

Inflammable Air decmpofed by Heat, in Tubes cf 
Flint Glajs . . ■ * *• 

'T HIS kind of air remains unchanged when 
•** lt is expofed to heat in a tall jar of flint 
glafs, in which it had free liberty to expand. 
I made this experiment at the lame time with the 
fimilar one that I lhall have occafion to mention on 
nitrous air. This air, as well as the nitrous, re¬ 
covered its former dimensions when it was cold, 
and appeared to be unchanged in its quality. 

A very 
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A very lingular decompofition of inflamma¬ 
ble air I obferved in confequence of expofing a 
great variety of fubftances to the influence of a 
fand heat, which I kept up for feveral months. 
Among other things, I buried in this hot fand 
glafs tubes hermetically fealed, and previoufly filled 
with all the different kinds of air. I filled them 
in the following manner. 

Having provided myfelf with glafs tubes about 
four feet long, and about one third or one half 
of an inch in diameter, and of fuch a thicknefs 
as that I could eafily melt them with the flame 
of a couple of candles and a common blow pipe, 

I firft fealed the tubes at one end, then filled them 
with quickfilver, and placed them inverted in a 
bafon of the fame. After this, either transferring 
the air in a bladder, from the jars in which they 
had been (landing in water, or generating the air 
a-frelh, if it was of a kind not to bear the con- 
tad of water, I filled the tubes completely with 
the kinds of air on which I wilhed to make the 
experiment, difplacing the quickfilver. This be¬ 
ing done, I inclined the tube, and applying the 
flame of my candles with forde care (holding the 
blow pipe in my mouth only, and keeping firm 
bold of the tube on each fide of the place to 
which. I was applying the heat) I melted the glafs, 
and took off what lengths of it I pleafed; and 

every 
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every piece was, of courfe, hermetically fealed. 
Thefe pieces I marked with a file, keeping an 
account of the meaning of the marks, that when 
I took them out of the fand, I might prefently 
know with what kind of air they had been filled. 

When I was performing this part of the pro- 
cefs with inflammable air in flint glafs tubes, I 
obferved that the places to which I applied the 
heat were generally tinged black but I gave lit¬ 
tle attention to this circumftance, thinking it might 
be fomething accidental ; and without any parti¬ 
cular expectation, I buried thefe tubes in the fand, 
together with the others. This was on the 25th 
of September, 1777. 

On the 20th of January following, I examined 
thefe tubes, together with every thing elfe that had 
been expofed to the fame heat. The tube con¬ 
taining the inflammable air was ten inches long, 
and by fome accident was broken j but it was jet 
black throughout. At this I was very much fur- 
prized, but I did not then fulpeCt that it was at 
all owing to the inflammable air with which it had 
been filled; thinking it might have been occafion- 
ed by fome phlogiftic matter in the fand, or in 
fome of the veflels that had burft in its neigh¬ 
bourhood. 

RefleCling, however, on this odd circumftance, 
and thinking, from the uniformity of the tinge, 

thatj 
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that, poffibly, it might have been occafioned by the 
inflammable air, I filled another fmall glafs tube with 
the fame air; and, fealing it hermetically, buried it 
deep in fand, contained in an iron pot, which I fet on 
the fire, and made very hot, nearly red; and taking 
it out the next day, I found the tube quite black, 
except a fmall part on one fide of that end which 
had been uppermoft, about two inches higher than 
the other, and which, confequently, had not been 

expofed to fo great a degree of heat. 

Being now fully fatisfied that the blacknefs of the 
tube was certainly occafioned by heating the inflam¬ 
mable air within it, in circumftances in which it could 
not expand, I proceeded to examine the ftate of the 
air, and frequently found it to be inflammable ; but, 
in general, the quantity was too fmall to make a fa- 


tisfaftory experiment. 

Putting two glafs tubes, about four inches in 
length, and a quarter of an inch in diameter, into a 
fand furnace, I kept them in it two days; when I 
took them out, and obferved that the tube which I 
had placed at the bottom of the fand, in the greateft 
degree of heat, was nearly melted, and perfectly blue , 
like indigo; while the other tube, which had not 
been expofed to fo great a degree of heat, was of a 
beautiful jet black throughout. 

At one time I had a fufpicion that this blacknels 
communicated to the glafs was fomething precipi- 

tated 
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tated from the iron, by the folution of which the 
inflammable air had been made; but I was foon 
convinced of the contrary, by finding that the effed 
was the veiy fame when the inflammable air was 
made from zinc. 

I foon found that there was no occafion for fo long 
a procefs to produce this effed, at lead upon the 
glafs. For it begun to be difcoloured the moment 
it was red hot, or rather when it became loft; as 
was evident by holding one of the tubes in an open 
fire, or in the flame of a candle. For wherever 
the heat was applied, the blacknefs immediately 
took place, without affecting any other part of the 
tube. 

^ hen I examined this black tinge narrowly, I 
found that it did not penetrate the glafs, but formed 
a delicate fuperficial tinge, leaving the glafs as per- 
fedly polilhed as before the procefs. But the black¬ 
nefs was indelible; at lead, it could not be fcraped 
off without tearing the furface of the glafs, and it 
made no change in it with refped to eledricity. 
For the tube thus blackened was as perfed a non- 
condudor as ever. 

The blue colour of the glafs that was mod heated, 
Mr. Delaval informed me, was owing to fomething 
of iron in the compofition of the glafs.' That it alfo 
depended upon the degree of beat , 1 alcertained by 
placing one of thefe tubes in a vertical pofition in the. 

fand 
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fand heat. For the lower end of the tube, which 
was moft heated, had acquired a deep blue colour, 
and it paflfed into the black at the upper end of the 
tube without any intermediate colour. There was 
alfo no other colour higher than the black; fo that 
the firft tinge that the glafs receives is a perfect 
black. Yet viewing the firft tinge that it receives 
by the light of a candle placed beyond it, it feemed 
to have a {hade of red. 

As I was fenfible that the blacknefs was owing to 
the precipitation of phlogiflon from the inflammable 
air, I thought it poflible that fome fubftance which 
had a near affinity with phlogifton might difcharge 
itj and trying minium , it fucceeded immediately. 
Having filled one of thefe black tubes with this 
metallic calx, the moment I made it red hot, the 
blacknefs intirely dil'appeared, and left the tube as 
tranfparent as ever it had been. 

In the firft experiment of this kind I ufed minium, 
out of which all its air had been expelled by heat, 
and which is of a yellow colour. In this procefs it 
became whiter, and adhered a little to the glafs. 
When I fcraped it off, I could not be quite fure that 
any part of it was become real lead j but it evidently 
approached towards a metallic ftate, by being of a 
more compact texture than before. 

In this ftate of the experiments I communicated 
the refult of my oblervations to my friend Mr. 
Bewly, who fuggefted to me, that, probably, it was 

the 
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the lead in the glafs tubes that had attracted the 
phlogiflon; and I prefently found this to be the 
cafe. For when I had filled a green glafs tube with 
the inflammable air, and fealed it hermetically, as I 
had done the flint glafs tubes, I expofed it to a melt¬ 
ing heat, which is greater than that which flint glafs 
will bear, without producing any change of colour 
in it. What remained of the air in the tube, that 
did not efcape when part of it was melted, was ftili 
flrongly inflammable. 

It appears, therefore, from this experiment, that 
the calx of lead, in the form of glafs, has a flronger 
affinity with phlogiflon than any thing in the com- 
pofition of inflammable air, in a degree of heat cap¬ 
able of melting glafs. Or, if there be no proper 
conflituent part of inflammable air befides phlogiflon, 
the attraction of the calx is fo great, as to reduce the 
phlogiflon from an elaflic and uncombined flate to 
a fixed and combined one. 

Having, by means of thefe glafs tubes, efife&ed a 
complete decompofition of inflammable air, the 
phlogiflon in it having united with the glafs of the 
lead j I thought that, if there had been any acid in 
its compofition, it would then be difengfiged, and be 
found in the tube. In order to find whether there 
was any acid in it, or not, I poured into one of thefe 
tubes a fmall quantity of water made blue with the 
juice of turnfole; but it came out as blue as it went 
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SECTION 111. 

Of Jutyburated inflammable Air . 

T HERE is no kind of air which admits fuch 
a variety of modifications as the inflammable; 
nor fhall we think this extraordinary, when we con- 
fider that phlogifton, which is the diftinguifhing in¬ 
gredient in it, enters into a greater variety of combi¬ 
nations with Jolid fubftances than perhaps any other 
principle in nature, and is the caufe of a greater va¬ 
riety of properties in them. Spirit of wine, oil, ful- 
phur, charcoal, and metals, are fubftances as different 
from each other, both in their external appearance, 
their degrees of confiftence, and other chemical 
properties, as any things in nature, and yet the 
principal ingredient in them all is the fame phlo¬ 
gifton; as may be proved by the adtual transferring 
of it from any one to any other of them. Inflam¬ 
mable air likewife extracted from each of thefe fub¬ 
ftances, as alfo that from putrid vegetables, and by 
other procefles, of which an account has been given 
in the preceding fedtions, are all remarkably different, 
and appear to be fo, as we fhall prefendy fee, when 
they ore decompos'd. I fhall now give an account 
VOL. I. R 
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of another Ipecies of this kind of air, which I 
term Julphurated, from the ftrong fmell that it has 
of fulphur, or rather liver of fulphur, and its be¬ 
ing loaded with a greater quantity of matter; which, 
though at the firft black, yet on expofure to the 
air prefently a flumes a yellow hh colour. I fhall 
recite the experiments in which I obferved this 
peculiar Ipecies of air, in the order in which I 
made them, noting the other appearances that ac¬ 
companied them, though they have not any im¬ 
mediate relation to the air 'of-which I am treating. 

When 1 was engaged in that courfe of experi¬ 
ments in which fteam, and the vapour of various 
fluid fubftances, was brought into conta& with 
folid fubftances red hot, I treated rnamgAnefe in 
this manner, and efpecially a quantity with which 
Mr. Woulfe had fotmefly furnilhed me, which 
was not in powder, but in a large mafs, juft as 
it is dug out of the earth. A few ounces of this 
I put into an earthen tube, open at both ends. 
But clofing one of them with a cork, while the 
middle part of the tube was red hot, and the 
other orifice was furnifhed with an apparatus pro¬ 
per for collecting the air that might be expelled 
from it, I received forty dunce ‘ meafures of air, 
of which one fixth was fixed air, and the reft of 
the ftandard of 1.7, lambently inflammable. No 
more air coming in this difpofiuon of the apparatus, 

I opened. 
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I opened the other end of the tube, and with a 
proper contrivance for the purpofe, fent through 
it a quantity of fleam; in which circumftances 
air was produced more copioufly than before. Of 
this I received about fifty ounce meafures, ob- 
ferving that one feventh of it was fixed air, and 
the reft of the ftandard of i.S, not lambently, but 
explosively, inflammable. The laft portions of 
this air were very turbid, and the fmell of the 
air, and efpecially that of the laft portion, was 
very fulphureous, and, I obferved, tinged the water 
of a very dark colour, by depofiting in it a quan¬ 
tity of blackilh matter. However, the air itfelf 
became prefently tranfparent, and had no other 
appearance than that of any other kind of air, 
when I left in my trough a jar filled with it. 

Having been intent on fome other experiments, 

I was furprifed to find, on looking on the jar 
about ten minutes afterwards, that it was quite 
black, fo that I could fee nothing in the infide of 
it. In order to obiferve how it came to be fo, I 
afterwards filled another jar with this kind of air, 
and obferved that when the water was well fub- 
fided, black fpecks began to appear in different 
places, and, extending themfelves in all directions, 
at length joined each other, till the whole jar was 
perfectly black, and the glals quite opake. When 
tlris was done, I transferred the air to another 
R 2 clean 
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c ^ can j ar » and it foon produced the fame effect 
upon this, though it never became Jfo black as 
the jar in which it had been firft received. It 
alio frequently happened that only the lower part 
of the jar would become black, as if this matter, 
with which it was loaded, had kept fubfiding, 
though invifibly, in the mafs of air, and occupied 
the lower regions of it only, leaving the upper 
part entirely free from it. When the veffels thus 
tinged black were expofed to the open air, that 
colour prefently difappeared, and a yellow or brown 
incruftation was left upon it. 

Thinking, from this circumftance, that this black 
coating confifted of fome volatile phlogiftic matter, 
I placed the jars which had this black tinge with 
their mouths inverted in veffels of water, in order 
to obferve the effed which the change of colour 
might have on the common air contained in them. 
In thefe circumftances the black tinge prefently 
went off, and was fiicceeded by the yellow colour, 
but without producing any fenfible change in the 
air. In fome cafes, however, I thought that it 
was injured j but it was by no means fo much 
as I had expeded. After depofiting this black 
matter, the air (till retained its fulphureous fmell, 
and as far as I can judge, will never entirely 
leave it. 


It 
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It is by no means the univerfal property of 
manganefe to yield this fulphurated inflammable 
air, but muft have been owing to fomething pecu¬ 
liar to this fpecimen, and perhaps to fomething 
accidentally mixed with it. For when I repeated 
the experiment with other manganefe, which I 
had from a glafs houfe, in which it is ufed, I had 
fuch appearance. From four ounces of this 
manganefe, treated as the preceding, I got without 
fteam, 256 ounce meafures of air, of which about 
one tenth was fixed air. Then fending fteam over 
it, I got more air, but in no great quantity, about 
ten ounce meafures in an hour; though probably 
much more might have been procured, if the 
procefs had been continued. This was dephlo- 
gifticated; for, mixed with two equal meafures 
of nitrous air, the ftandard was 0.28, which (hews 
that it was exceedingly pure. But one tenth of 
this was fixed air, as in the former portion, which 
agrees with the experiments I formerly made with 
this fubftance when I found that heat alone would 
expel from it a quantity of very pure air. 

The next time that I got this fulphurated in¬ 
flammable air, was as unexpe&ed as the preceding; 
and this experiment was the firft thing that gave 
me a ny infight into the nature of it. Having 
occafion to make a large quantity of inflammable 
air, inftead of frefli turnings of iron, I happened 
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tp take Tome, parts of which had been heated by 
a burning lens in vitriolic acid air, in which, as I 
have obferved, it melts with great readinefs, and 
gathers into balls. When this iron was difiolved 
in diluted oil of vitriol, though there were only a 
few pieces in the quantity that I ufed which had 
been melted in this manner, the water in which 
the air was received was very black, and depofited 
more fediment than in the experiment with the 
manganefe. The jars alfo which contained it 
were prefently as black as ink, but became yellow 
When expofed to the open air. This inflammable 
air had alfo the fame ofFenflve fulphureous fmell; 
fo that there could be no doubt of its being the 
lame kind of air which I had got from Mr. 
Woulfe’s manganefe. There was in it, however, 
a mixture of vitriolic acid air, as I perceived 
when I burned a large quantity of it in a glafs 
balloon, in order to colled the water that might 
be produced in this procefs. All the infide of the 
balloon was filled with a denle white cloud, all 
the time that the air was burning in it, and the 
water produced was very fenfibly acid. In reality, 
the fame efFeds were produced as if fiilphur had 
been burned in the veflel. 

As I had no doubt, but diat the iron which 
had been melted in vitriolic acid air was the fame 
as what is called Julpburated iron , or iron with which 
J fulphur 
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fulphur is incorporated, I now completely afcer- 
tained it by malting a quantity of fqlphuraf:ed iron, 
dipping it when red hot into melted fulphur. 
This iron, treated as the other had been, yielded 
exactly fuch air as I have been defcribing, fo 
that I could have no doubt with refpeft to the real 
origin of it. 

When I d<?compofed this air, by firing it with 
an equal quantity of dephlogifticated air, the dimi¬ 
nution of bulk was the fame as when I ufcd the 
common inflammable air, fo that it did not appear 
to contain either more or lefs phlogifton; but 
there was a fmall quantity of fixed, air produced, 
which is never the cafe with inflammable air pro¬ 
cured with oil of vitriol, though it is fometimes 
when it is procured from iron widi fpirit of fait. 

When the fulphurated inflammable air is received 
in veffels containing mercyiy, there is very little 
black matter depofited from it; byt it appears 
when it is transferred, into vefiels containing 
water. 

Though jars thinly coated with this black mat¬ 
ter become yellow when expofed to the open air, 
this is not the cafe with that which is colle&ed 
from the w 4 ter in which tjie air has been confined. 
For when the water is evaporated from it, it ad¬ 
heres to the evaporating veffel in the form of a 
perfectly black incruftation. This fubftance, though 
R 4 hi 
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it docs not bum blue on a hot iron, yet ftiews 
evident figns of containing fulphur. For when 
the nitrous acid has taken from it its fuperfluous 
phlogifton, it has both the colour and the fmell 
of fulphur. 


SECTION IV. 

Metals, and other Subftances containing Phlogifton, 
formed by imbibing inflammable Air . 

T HERE are few fubje&s, perhaps none, that 
have occafioned more perplexity to chemifts, 
than that of phlogifton , or, as it is fometimes called, 
the principle of inflammability . It was the great 

difeovery of Stahl, that this principle, whatever 
it be, is transferable from one fubftance to another, 
how different foever in their other properties, 
fuch as fulphur, wood, and all the metals, and 
therefore is the fame thing in them' all. But 
what has given an air of myftery to this fubjeft, 
has been that it was imagined, that this principle, 
or fubftance, could not be exhibited except in com¬ 
bination with other fubftances, and could not be 

made 
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made to afiume feparately either a fluid or folid 
form. It was al *° a fl' erte d by fome, that phlogifton 
was To far from adding to the weight of bodies, 
that the addition of it made them really lighter 
than they were before; on which account they 
chofe to call it the principle of levity. This opinion 
had great patrons. 

Of i ate it has been the opinion of many cele- 
bated chemifts, Mr. Lavoifier among others, 
that the whole doarine of phlogifton is found¬ 
ed on miftake, and that in all cafes in which 
it was thought that bodies parted with the prin¬ 
ciple of phlogifton, they in fafi loft nothing, but 
on the contrary acquired fomething; and m moft 
cafes an addition of fome kind of air; that a 
metal, for inftance, was not a combination of two 
things, viz. an earth and phlogifton, but was pro¬ 
bably a fimple fubftance in its metallic date ; and 
that the calx is produced not by the lofs of phlo- 
aifton, or of any thing elfe, but by the acquifition 

of air. 

The arguments in favour of this opinion, efpe- 
c i a lly thofe which are drawn from the experiments 
that Mr. Lavoifier made on mercury, are fo fpe- 
cious, that I own I was myfelf much inclined 
to adopt it. My friend Mr. Kirwan, indeed, 
always held that phlogifton was the fame thing 
with inflammable air. I did not, however, accede 
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to it till I thought I had: difcovered it by di/eft 
experiments, made with general and indeterminate 
views, in order to afcertain fomething concerning 
a. rubjed which had given myfelf^d, others fo 
much trouble. 

I began with repeating the experiments in which 
I had found that inflammable air, made red hot 
in flint glafs tubes, gave diem a blapk tinge, and 
was in a great meafure abforbed, which I dif, 
covered to be owing to the calx of lead in the 
glafs, attra&ing phlogifton from the inflammable- 


I found, however, great difficulty in repeating 
theie experiments; and the quantity of ufrLJl 
ble a,r operated upon in them, is. oeceforily fo, 
finall, t.ut the refult is always liable to much 


uncertainty. I thought, therefore, that throwing 
the locus of a burning lens upon 4 qy/utfity of 
pounded flint glafs, furrounded with inflammable 
air, or rather on the calx of lead-alone, in the 
fame circumftances, would be a much eafieF ex¬ 
periment, and might bring me nearer to my 
oojeu i and on making the experiment it imme¬ 
diately anfwered far beyond my expectation. 

For this purpofc, I put lvpon % piece Q f ^ 
broken crucible (which could yield no air) a 
quantity of minium, out of which afl air had been 
extracted -> and placing it upon a convenient Hand, 
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introduced it into a large receiver, filled with in¬ 
flammable air, confined by water. As foon as 
the minium was dry, by means of the heat thrown 
upon it, I obferved that it became' black, and 
then ran in the form of perfeft lead, at the fame 
time that the air diminifhed at a great rate, the 
water attending within the receiver. I viewed 
this procefs with the moft eager and pleating ex- 
peftation of the refult, having at that time no 
fixed opinion on the fubjeft; and therefore I could 
not tell, except by adual trial, whether the air 
was decompofing in the procefs, fo that fome 
other kind of air would be left, or whether it 
would be abforbed in Mo. The former I thought 
the more probable, as, if there was any fuch 
thing as phlogifton, inflammable air, I imagined, 
conflfted of it, and fomething elfc. However, 1 
Was then fatisfied that it would' be in my powcf 
to determine, in a very fatisfaftory manner, whe¬ 
ther the phlogifton in inflammable air had any 
baje or not, and if it had, what that bafe was. 
■for feeing the metal to be a£tually revived, and 
that in a confiderable quantity, at the fame time 
that the air was diminifhed, I could not doubt, 
but that the calx was actually imbibing fomething 
from the air; and from its effetfts in making the 
calx irito metal, it could be no other than that to 

which 
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which chemifts had unanimoufly given the name 

of pblogijlmu 

Before this firfl: experiment was concluded, I 
perceived, that if the phlogifton in inflammable 
air had any bafe, it mull be very inconfiderable: 
or the procefs went on till there was no more 


room to operate without endangering the receiver $ 
and examining, with much anxiety, the air that 
remained, I found that it could not be diftinguifh- 
ed from that in which I began, the experiment 
which was air extracted from iron by oil of vitriol* 
I was, therefore, pretty well fatisfied that this in- 
flammable air could not contain any thing be- 
fi<^ phlogifton s for at that time I reduced*^ 
forty five ounce meafures of the air to five 

In order to afeertain a fa& of foch importance 
with the greateft care, I afterwards carefully expell¬ 
ed from a quantity of minium all the phlogifton, and 
every thing elfe that could have aflumed the form 
of air, by giving it a red heat when mixed with fpirit 
of nitre; and immediately ufmg it in the manner 
mentioned above, I reduced a hundred and one 
ounce meafures of inflammable air to two. To judge 
of its degree of inflammability, I prelented the flame 
of a fmail candle to the mouth of a phial filled with 
it, and oblerved, that it made thirteen feparate ex- 

plofions, though weak ones (flopping the mouth of 


the 
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the phial with my finger after each explofion) when 
frefh made inflammable air, in the fame circum- 
ftances, made only fourteen explofions, though 
ftronger ones. 

After this experiment I could not hefitate to con¬ 
clude*, that this inflammable air went totally, and 
without decompofition, into the lead which I form¬ 
ed at that time; and if the neceflary circumftances 
of the experiment be confidered, it will be thought 
extraordinary that, even admitting this, the refult 
fhould be fo decifively clear in favour of it: for, in 
the firft place, the greateft care muft be ufed to ex¬ 
pel all air from the minium, and it muft be ufed 
before it can have attracted any from the atmofphere; 
and in the next place, the water alfo (a confiderable 
quantity of which muft be ufed, and which will all'o 
be heated in the procefs) fliould be made as free 
from air as poflible. In thefe circumftances, had I 
found the fmall refiduum, of two ounce meafures 
from a hundred and one, to have been phlogifticat- 
ed or fixed air, I fhould not have been difappoint- 
cd; and it would not have prevented my conclud- 

* Inthisconclufion, I overlooked one obvious confideration, viz. 
that water, or any thing foluble in water, might be the bafis of 
inflammable air. All that could be abfolutely inferred from the 
experiment was, that this bafis could not be any thing that was 
capable of fubfiftmg in the form of air. It will be feen, that I 
afterward^ made the experiment with the air confined by mer¬ 
cury, 

mg 
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ing that pblogiflon was the fame thing with inflanu 
triable air , contained in a combined {late in metals, 
juft as fixed air is contained in chalk and other cal- 
careous fubftances; both being equally Capable of 
being expelled again in the form of air. 

Afterwards, ofing a calx of lead, which had be^n 
prepared in the fame manner with the former, but 
which had remained for fome weeks expofed to the 
air, I found, that when by ufing it I had reduced 
150 ounce meafures of inflammable, air to ten, this 
refiduum was phlogifticated air. But examining 
this calx feparately, I found that it gave, by heat in 
aglafs veffel, a conilderable quantity of phlogifticat- 
ed air. 

I muft obferve, that the minium Ihould not be 
reduced to a perfectly compact glafs of lead ; for then 
it will be too refradory to be eafily revived by 
this procefs. Making ufe of fome of it, I found 
that I could only melt it; but that a copious black 
fume came from it, and coated the infide of the re¬ 
ceiver : an experiment which I fhall repeat and re- 
confider. I muft alfo obferve, that the lead which 
I procured in the above mentioned procefs was not 
to be diftinguilhed from any other lead, and that the 
inflammable air was all procured from iron by oil 0 f 
vitriol. 

When I made ufe of inflammable air from wood, 

I found, that though I was able to reduce minium 

with 
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- with it, it was effected with more time and difficulty. 

■ Forty 'Ounce'meaforcs of this kind of inflammable 
air I reduced to twenty five; after which I found that 
the heat of the lens produced only glafs of lead, and 
no ruetal 'Fheair was ftill, : however, inflammable; 
and there was a final! mixture of fixed air in it. This 
kind of inflammable air, which burns with a lam¬ 
bent flame, I have fome reafon to think, con lifts 
of an intimate union of fixed air with that which is 
of the exptcfive kind extracted from metals. The 
refult of thofe experiments which;I made with that 
kind of inflammable air vwhich is colle&ed in the 
procefs for making phqfphorus, and which burns 
with a lambent yellow flame, was fimilar to thofe 
which I made with inflammable air from wood, 
which bums with a lambent white flame. 

Having had this remarkable refult with in¬ 
flammable air, I immediately tried all the other 
kinds of air in the fame manner; but in none of 
them did I procure any thing from the minium, 
befides glafs of lead, except in alkaline air, and' 
vitriolic acid air. In fixed air, nitrous air, phlo- 
gifticated air, marine acid air, ftuor acid air, .as 
alfo in common and dephlogifticated air, I got 
no metal M all. In vitriolic acid air there was 
but a fmall quantity of lead produced, and I have 
obferved that this kind of air imparts a certain 
portion of phlogifton to common air (or rather im¬ 
bibes 
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bibes a part of the dephlogifticated air from it) ren¬ 
dering the remainder in fome meafure phlogifti- 
cated, though by no means in fo great a degree' 
as nitrous air. 

Though nitrous air and phlogifticated air cer¬ 
tainly contain phlogifton, they appear by thefe 
experiments to hold it too obftinately to part with 
it to minium in this procefs, notwithftanding nitrous 
air quits it fo readily to refpirable air. I would ob- 
lerve, that there were fome peculiar appearances in 
the experiments I made to revive the calx of lead 
in thefe kinds of air in which the attempt did not 
fucceed; but I muft repeat the experiments, and 
note the appearances more accurately, before I re¬ 
port them. 

In alkaline air lead feems to be formed from the 
minium as readily as in inflammable air, and indeed I 
thought rather more fo; and this is a remarkable, 
confirmation and illuftration of thofe experiments, 
in which, by taking the eleftric fpark in a quan¬ 
tity of alkaline air, I converted it into three times 
as much pure inflammable air* an experiment 
which, on account of the extraordinary nature of 
it, I have repeated many times fince I firft p ub - 
lifhed the account of it, and always with the fame 
refult. 

This experiment alfo throws fome light upon 
thofe in which, by expofing iron to nitrous air, 

I pro-* 
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I produced a ftrong fmell of volatile alkali; 
an experiment which I have alfo frequently re¬ 
peated with the fame refult. The reviving of 
lead in alkaline air may alfo help us to conceive 
how all acids lliould have an affinity both to phlo- 
giflon and to alkalies , which have hitherto appeared 
to be things fo very different from each other; 
fince, from thefe experiments, it is probable that 
one of them is fome modification of the other, or 
a combination of fomething elfe with the other. 
To trace the connexion between the alkaline and 
inflammable principles, is a curious fubjedtj and 
from thefe hints it may, perhaps, not be very 
difficult to profecute it to advantage. It is evident, 
however, from the following experiments, that al¬ 
kaline air is the compound, and inflammable air, 
or phlogifton, the more fimple fubftance of the 
two. 

# From five ounce meafures and a half of alka¬ 
line air I got, by means of litharge, feventeen 
grains of lead, befides fome that was diffolved in 
the mercury, by which the air was confined. 
There remained two ounce meafures and a half, 
which appeared to be phlogiflicated air, and to 
have no fixed air in it. At another time, in eight 
ounce meafures of alkaline air I got fifteen grains 
of lead, befides what was diffolved in the mercury, 
which feemed to be a good deal in proportion to 
Vol. I. S it. 
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it. There remained in this procefs three ounce 
meafures and a half of phlogifticated air, without 
any mixture of fixed air in it. 

Having thus produced lead in inflammable air, 
I proceeded in my attempts to revive other metals 
from their calces by the fame means; and I fuc- 
ceeded very well with tin, bifmuth, and filver; 
tolerably well with copper, iron, and regulus of 
cobalt j but not at all with regulus of antimony, 
regulus of arfenic, zinc, or the metal of manga- 
nefe. 

I was defirous alfo of afcertaining by this means 
the quantity of phlogifton that enters into the com- 
pofition of the feveral metals j but in this I found 
more difficulty than I had expected; and this 
arofe chiefly from the allowance that was to be 
made for the inflammable air which entered into 
that part of the calx which was only partially re¬ 
vived j and it was not eafy to revive the whole of 
any quantity' of calx completely. 

After many trials, I think I may venture to 
fay, that an ounce of lead abforbs a hundred ounce 
meafures of inflammable air, or perhaps fome- 
thing more; for in one refult it feem^l to have 
imbibed in the proportion of 108 ounce mea¬ 
fures. 

An ounce of tin abforbs inflammable air in the 
proportion of 377 ounce meafures to the ounce. 

An 
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An ounce of copper from verditer abforbed 403 
ounce meafures j from a folution of blue vitriol, 
precipitated by fait of tartar, and afterwards made 
red hot with fpirit of nitre, 640; but from blue 
vitriol itfelf 909 ounce meafures. In this cafe, 
however, much of the inflammable air went to 
the formation of the vitriolic acid air, the imell 
of which was very perceivable in the courfe of 
the experiment. The copper that I made in this 
way was brittle, and therefore feemed not to be 
perfectly metallized; but being fufed with borax, 
it became perfect copper, and, as I think, with¬ 
out any lofs of weight. 

Bifmuth abforbed inflammable air in the pro¬ 
portion of 185 ounce meafures to the ounce. The 
calx I ufed was a precipitate from the folution ol 
this metal in fpirit of nitre. 

Iron I got from a precipitate of a folution of 
green vitriol by fait of tartar, moiftened with fpirit 
of nitre, and expofed to a red heat. This calx 
abforbed in the proportion of 890 ounce meafures 
of the inflammable air to an ounce of iron, which 
was in the form of a black powder; but to all 
appearance as much attraded by the magnet as 
iron filings. But it could not be expeded, that 
perfcd iron, containing its full proportion of phlo- 
gilton, ihould be produced in this manner, fince 
S 2 in- 
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inflammable air may be expelled from perfect iron 
in this very procefs *. 

Silver I evidently revived from a folution of it 
in fpirit of nitre precipitated by fait of tartar, and 
alfo from lum cornea. A quantity of this laft fab- 
ftance abforbed twenty three ounce meafures of 
inflammable air j but I could not get any calx of 
filver free from fmall grains of the perfedt metal, 
which was eafily difcovered by a magnifier, and 
therefore I could not afcertain the quantity of in¬ 
flammable air abforbed by It. 

Small grains of regulus of cobalt I produced 
from zaffre, and inflammable air was abforbed; 
but I did not eftimate the quantity. 

A quantity of manganefe abforbed feven ounce 
meafures of inflammable air; but I could not per¬ 
ceive any thing in it which had the appearance of 
metal. But I imagined I had not heat enough 
for die purpofe j and mixing with it fome calcined 
borax, I repeated the experiment, when there was 
again an evident abforption of air, and in the 
courl'e of that experiment, I once thought that I 
did perceive a fmall globule of metal. 

Zinc and arjenic were only fublimed in this pro¬ 
cefs. The lame was the cafe with, the glafs of 

* 1 have fince found that inflammable air cannot be expelled 
from iron by heat, without fome moiflure, which therefore feerns 
nccefiary to its conftitution. 

antimony j 
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antimony ; but the experiment was attended with 
this peculiar circumftance, that when the glab was 
melted in inflammable air, it formed itfelf into 
jieedle-like cryftals, arranged in a very curious 
manner; and I could not produce that appearance 

in other kinds of air. . 

Inflammable air being clearly imbibed by the 
calces of metals, and thereby reviving them, is a 
fufficient proof of its containing what has been 
called phlogifton; audits being abforbed by them 

in Mo, without decompofition, is a proof that, ex- 
m ’ _ • • _K«r,clpc ‘hblfmfton in 
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clufive of water, it is nothing befides 
% firm Of air, unlefs there Ihould be fonneth.ng 
folid depofited from it at the fame time that tlie 
proper phlogiftic part of it is absorbed. With 
refpea to this. I can only fay that, in the courfe 
of the experiments. I did not perceive any thing 
of the kind: for though in fome of die precedes 
there was a black fmoke produced, in others 1 
could perceive nothing but part of the calx fub- 
liming, and clouding the glafs. On this account, 
however, I could not pretend to afcertain the 
weight of the inflammable air in the calx, fo as to 
prove that it had acquired , an addition of weight 
by being metalized, which 1 often attempted. But 
were it poflible to procure a perfect calx, no part 
of which Ihould be fublimed and difperfed, by the 
heat: neceflary to be made ufe of in the procefs, I 
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Jhould not doubt but that the quantity of inflam¬ 
mable air imbibed by it would fufficiendy add to 
its weight. 

Befides the formation of metals from their calces, 
I had other proofs, and of a nature fufficiendy 
curious, of inflammable air containing phlogifton. 
Thus, by means of it, I was able to make phof- 
phoruSy nitrous airy liver of JulphuTy and Juiphur it- 
lelfi in all of which phlogifton is acknowledged to 
be a principal ingredient. 

Throwing the focus of the lens upon a quantity 
of that glafly matter which is made from calcined 
bones by oil of vitriol in inflammable air, fome of 
,t was abforbed, and all the inlide of the receiver 
was covered with an orange coloured fubftance, 
which had a ftrong fmell of phofphorus. I then 
wanted fun-fhine to continue the experiment j but 
1 was fatisfied that there was fufficient proof of 
phofphorus being a&ually formed in this manner. 
With alkaline air I fuccecded much better. 

In two ounce meafurcs and a half of this air, I 
produced, from the glafly matter mentioned above, 
tw'o grains of phofphorus in one mals, the veflel 
being only filled with white fumes during the pro- 
cefs. One fourth of the bulk of the air remained, 
and this was inflammable, burning with a yellow 
lambent flame, exactly like that which is produced 
in the procefs for making phofphorus. 
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That nitrous air contains phlogifton is fufficiently 
evident, if there be any fuch thing as phlogifton: 
and I have farther proved, that it contains very 
nearly as much phlogifton, in proportion to its 
bulk, as inflammable air itfelf. I had now, how¬ 
ever, the farther fatisfa&ion to be able to make 
nitrous air from its two conftituent principles, viz. 
nitrous vapour and inflammable air. 1 he moft 
eafv procefs for this purpofe is, to throw a ftream 
of nitrous vapour into a large phial previoufly 
filled with inflammable air. In this manner nitrous 
air is inftantly formed, and in great quantities; 
but as this nitrous vapour is produced by the rapid 
folution of bifmuth in fpirit of nitre, which at the 
fame time produces a quantity of nitrous air, the 
experiment is not quite unexceptionable. I there¬ 
fore attempted the fame thing in the following 
manner. 

Taking a quantity of what I have called a 
nitrated calx of lead, which I firft produced by 
uniting nitrous vapour to minium (in confequence 
of which, from being a red and powdery fubftance, 
it becomes white, compatt, and brittle) I placed it 
upon a ftand, in a receiver filled with inflammable 
air, and throwing the focus of the lens upon it, 
there was a diminution of the inflammable air, 
which amounted to about two thirds of the whole, 
and 'during this time lead was revived from the 
S 4 
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calx. After this there was no more diminution of 
the air, or revival of the calx : and then examin¬ 
ing what remained of the air, I found it to be all 
ftrongly nitrous: and, from the circumftances in 
which it was produced, it muft have been form¬ 
ed from the nitrous vapour contained in the calx, 
and the inflammable air in the receiver. In or¬ 
der to alcertain the purity of this nitrous air, I 
mixed it with an equal quantity of common air, 
and found that they occupied the {pace of 1.32 
meafures. Frelh nitrous air made in the ufual 
way, and mixed with common air in the farrte 
proportion, occupied the fpace of 1.26. This 
difference arofe not from any impurity' in the 
nitrous air, but from the mixture of the dephlo- 
gifticated air, which is alfo expelled from this calx 
by heat. 

Liver of fulphur was procured by throwing the 
focus of the lens upon vitriolated tartar in in¬ 
flammable air, and it appeared to be perfectly 
well formed. 

Laftly, to produce fulphur , I threw the focus 
of the lens on a quantity of oil of vitriol, con¬ 
tained in an hollow earthen vefiel, and evaporated 
it to drynefs in a receiver filled with inflammable 
airj in confequence of which the infide of the 
receiver acquired a whitilh incruftation, which 
when warmed had a ftrong fmell of fulphur; ancj 

repeating 
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repeating the procefs in tl)e fame receiver, I was 
able, this fecond time, to fcrape off enough of 
the matter to put on a piece of hot iron, and to 
produce the genuine blue flame, as well as the 
peculiar fmell, of fulphur. 


PART 


-66 


OBSERVATIONS ON 


Part III ; 


PART m. 

Of the constitution of inflammable air. 


SECTION I. 

Experiments which prove that VPiter is a necejpzry in-, 
gredient in inflammable Air. 


A T firft I had no fulpicion that water was any 
■P*- part of inflammable air, and it may be worth 
while to recite the experiments which led to thatcon- 
cluflon. I laving put a quantity of iron-filings , care¬ 
fully forted with a magnet, into one of the glafs-vef- 
fels, fig. a y PI. iv. I filled the reft of the vefiel with 
quickfilver; and placing it inverted in' a bafon of 
quickfilver, I threw the focus of the lens upon the 
iron-filings, and prefently air was produced; which, 
being examined, appeared to be inflammable, though 

not 
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not very ftrongly fo. It refembled inflammable air 
that had been wafhed in water till its inflammability 
was nearly gone. I alfo could not diftinguifh the 
colour of the flame, when I made the explofion in 
the ufual manner, by the approach of a candle. Af¬ 
ter the operation, the iron from which the air had 
been extracted, had an exceedingly ftrong i'mell, 
exactly like that of very ftrong inflammable air pro-, 
cured from metals by acids. 

In the fame manner I got air from the filings of 
watch fiprings which are made of the beft of fteel ; 
and it was not to be diftinguifhed from the inflam¬ 
mable air of the laft experiment. Thefe filings, as 
well as thofe of iron, I had carefully forted with a 
magnet, fo that I believe there was no foreign mat¬ 
ter mixed with them, 

N. B. The fpot on which die focus of the lens 
was thrown, was much blacker than any odier part 
of the filings; and during the application of the 
heat, a quantity of the filings would fometimes be 
difperfed, as by an explofion below the furfage of 
them; owing, I fuppofe, to the fudden generation 
of air from fome of the filings that lay under the 
reft, but where the heat could teach them. 

Having thus got air from iron, I proceeded to 
make fimilar experiments on other metals. But as 
all the other metals have more or lefs affinity with 
quickfilver, I was obliged to have recourfe to a 

vacuum > 
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vacuum. But being poffefied of Mr. Smeaton’s air- 
pump, I could depend upon the vacuum being very 
exaft j fo that very little common air could be mixed 
with the air produced. That the filings of the 
different metals might be perfectly unmixed, I pro¬ 
cured new files, quite clean, and ufed one fide of 
each for each of the metals. 

With this apparatus, I threw the focus of my lens 
upon filings of zinc , and prefendy got from them 
air which was very ftrongly inflammable. Zinc is 
laid to contain more phlogifton than the other me¬ 
tals, and the difference between the inflammable air 
from zinc, and that which I got from iron, was very 
ftriking. 

From brajs-dufi I got inflammable air in confi- 
derable plenty, and alfo from tin; but this laft was 
very flighdy inflammable. I could not have per¬ 
ceived it to be fo at all but by dipping a lighted can¬ 
dle into a vefiel full of it; whereas, mother cafes, I 
made the trials by prefenting the flame of a candle 
to the narrow mouth of a phial filled with the air. 
That brals fhould yield inflammable air, I attribute 
to the zinc, by the addition of which, copper is con¬ 
verted into brafs. 

Thus all the metals that yield inflammable air, 
when diffolved in acids, gave inflammable air alfo by 
heat only. With other metals I had no fuccefs. 
Regulus of Antimony , heated in vacuo , fmoked very 

much, 
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much, and blackened all the infide of my receiver; 

but the air that I got from it was very little indeed, 
and extinguilhed a candle. 

From bijmuth , and nickel , I got hardly .any air at 
all, but in thefe experiments the heat was not ad- 
vantageoufly applied, and the bifmuth foon melted 
• to large lumps, on which my lens had no power. 

1 oot no whom lead or copper. By throwing 
the focus of the lens upon the former the receiver 
was filled with fames; but the heat was by no means 
fufficientfor the experiment with copper. 

It is generally laid, that charcoal is indeftru£tible, 
except by a red heat in contad with air. But 1 
found that it is perfedly deftru&ible, or decompofed, 
m or as will appear hereafter by means of 

water which it attrads when red hot from the moi - 
ture in the receiver. For in thefe circumftances, 
and by the heat of a burning lens it is almoft wholly 

converted into inflammable air; fothat nothing re¬ 
mains befides an exceedingly fmall quantity of 
white allies, which are feldom vifible, except when, 
in very fmall particles, they happen to crofs the fun- 
beam, as they fly about within the receiver. It 
would be impoflible to colled' or weigh them; but, 
according to appearance, the allies thus produced 
from many pounds of wood, could not be iuppofed 
to weigh a grain. The great weight ot afhes pro¬ 
duced by burning wood in the open air, arifes trom 
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what is attrafled by them from the air. The air 
which I get in this manner is wholly inflammable, 
without the lead particle of fixed air in it. But, in 
order to this, the charcoal mull be perfectly well 
made, or with fuch a heat as would expel all the 
fixed air which the wood contains; and it muft be 
continued till it yield inflammable air only, which, 
in an earthen retort, is foon produced. 

Wood, or charcoal, is even perfectly dcftructible, 
that is, refolvable into inflammable air, in a good 
earthen retort, and a fire that would about melt iron 
In thefe circumftances, after all the fixed air had 
come over, I have feveral times continued the pro- 

mle Unn b ga . Wh0leday ’ ina11 “me inflam¬ 

mable air has been produced equably, and withoutanv 

appearance of a termination. Nor did I wonder 
at this, after feeing it wholiy vanifh into inflammable 
air in vacuo. A quantity of charcoal made from 
oak, and weighing about an ounce, generally gave 
me about five ounce meafures of inflammable air in 
twelve minutes. 

That water in great quantities is fomctimes pro¬ 
duced from burning inflammable and dephlogifti- 
cated airfeemed to be evident from the experiments 
of Mr. Cavendilh and Mr. Lavoifier. I have alfo 
requendy colle&ed confiderable quantities of water 
in this way, though never quite fo much as the 
weight of the two kinds of air decompofed. ]VTy 

apparatus. 
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apparatus for this purpofe was the following. Into 
the mouth of a large glafs balloon (a) Fig. 4. PI. vii. 

I introduced a tube from the orifice of which there 
continually iffued inflammable air, from a veflel 
containing iron and oil of vitriol. This being 
lighted, continued to burn like a candle. Pre- 
fently after the lighting of it, the infide of the bal¬ 
loon always became cloudy, and the moifture foon 
gathered in drops, and fettled in the lower part of the 
balloon. To catch what might iflfue in the form of 
vapour, in the current of air through the balloon, 

I placed the glafs tube (b) in which I always found 
fome water condenfed. It is very pofiible, how¬ 
ever, that in both thefe modes of experimenting, the 
water may be converted into a kind of vapour, 
which is very different from fleam, and capable of 
being conveyed a great way through air, or even wa¬ 
ter, without condenfation, along with the air with 
which it is mixed j and on this account it may not 
be pofiible, in either of thefe modes of experiment¬ 
ing, to collett all the water which the two kinds 
of air will yield. The nature of this kind of 
vapour into which water may be changed, and 
which is not readily condenfed by cold, is very little 
underftood, but well deferves the particular atten¬ 
tion of philofophers*. Even mercury will evapo- 

* Mr. Sauffure bas maJc force valuable obfervationa on thia 

fybjett. 

rate. 
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rate, fo as to lofe weight, in a degree of heat below 
that of boiling water. 

That the water collected in the balloon came from 
the decompofition of the air, and not from the frefh 
air circulated through it, was evident from placing 
balls of hot iron in the place of the flame, and find¬ 
ing that, though the balloon was as much heated by 
them as by the flame of the burning of the inflam¬ 
mable air, and confequently there muft have been 
the fame current of the external air through it, no 
moifture was found in the balloon. 

When, in this manner, I burned inflammable air 
from pure iron, the water I collected was as far as 
I could perceive free from acid, and the infide of the 
balloon was quite clear, but when I ufed fulphorated 
iron , there was a denfe white cloud that filled the in¬ 
fide of the balloon. There was alfo a ftrong fmell 
of vitriolic acid air, and the water collected was fen- 
fibly acid to the tafte. 

Afterward, feeing much water produced in fome 
experiments in which inflammable air was decom- 
pcfed, I was particularly led to reflect on the relation 
which they bore to each other, and efpecially Mr. 
Cavendifh’s ideas on the fubjedt. He had told me 
that notwithstanding my former experiments, from 
which 1 had concluded that inflammable air was 
pure phlogifton, he was perfuaded that water was ef- 
lential to the production of it, and even entered into 

it 
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it as a conftituent principle. At that time I did 
not perceive the force of the arguments which he 
ftated to me, efpecially as, in the experiments widi 
charcoal, I totally difperfed any quantity of it with a 
burning lens in vacuo , and thereby filled my receiver 
with nothing but inflammable air. I had no fulpi- 
cion that the wet leather on which my receiver ftood 
could have any influence in the cafe, while the piece 
of charcoal was fubjeft to the intenfe heat of the 
lens, and placed feveraL inches above the leather. I 
* had alfo procured inflammable air from charcoal in a 
glazed earthen retort two whole days fiiccefiively, in 
which it had given inflammable air without inter- 
mifiion. Alfo iron filings in a gun-barrel, and i 
gun-barrel itfelf, had always given inflammable air 
whenever I tried the experiment. 

Thefe circumftances, however, deceived me, and 
perhaps would have deceived any other perfon j for 
I did not know, and could not have believed, the 
powerful attrattion that charcoal , or irony appear to 
have for water when they are intenfely hot. They 
will find, and attradl it, in the midft of the hotted 
fire, and through any pores that may be left open 
in a retort; and iron filings are feldom fo dry as not 
to have moifture enough adhering to them, capable 
of enabling them to .give a confiderable quantity of 
inflammable air. But my attention being now fully 
awake to the fubjeft, I prefently found that the cir- 
yot. I. T cumftances 
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cumftances above-mentioned had actually milled me* 
I mean with refpeCt to the ccnclufion which I drew 
from the experiments, and not with refpecc to the 
experiments themlelves; every one of which, I 
doubt not, will be found to anfwer, whenever they 
are tried by perfons of fufEcient, fkill and properly 
attentive to all the circumftances. 

Being thus apprized of the influence of unper¬ 
ceived moifture in the production of inflammable 
air, and willing to afeertain it to my perfect fatisfac- 
tion, I began with filling a gun-barrel with iron fil¬ 
ings in their common ftate, without taking any par-> 
ticular precaution to dry them, and I found that 
they gave air as they had been ufed to do, and con¬ 
tinued to do fo many hours. I even got ten ounce 
measures of inflammable air from two ounces of 
iron filings in a coated glafs retort. At length, how¬ 
ever, the production of inflammable air from the 
-gun-barrel ceafed; but on putting water into it, the 
air was produced again, and a few repetitions of the 
experiment fully fatisfied me that I had been too pre¬ 
cipitate in concluding that inflammable air is pure 
piilogifton. 

I then repeated the experiment with the charcoal, 
making the receiver the Hand on which I placed the 
charcoal, and the charcoal itfelf, as dry and as hot as 
poflible, and ufing cement inftead of a wet leather to 
exclude the air. In thefe circumftances I was not 

able. 
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able, with the advantage of a good fun, and an ex¬ 
cellent burning lens, to decompofe quite fo much as 
two grains of the piece of charcoal, which gave me 
ten ounce meafures of inflammable air; and this I 
imagine, was effected by means of fo much moifture 
as was depofited from the air in its (late of rarefac¬ 
tion, and before it could be drawn from the re¬ 
ceiver. To the produ&ion of this kind of inflam¬ 
mable air I was therefore now convinced, that wa¬ 
ter is as rieceflfary as to that from iron. 

As inflammable air was produced in fome expe¬ 
riments, in which I endeavoured to change the na¬ 
ture of water, by making it red hot in a gun-barrel, 
the orifice of which was welded up, it may not be 
improper juft to mention them in this place, as they 
(hew the ufe of water in procuring this kind of air* 
They will likewiie ferve to ftiew the expanfive force 
of water in thatftate. The experiments were made 
in March 1783. 

Putting fixteen grains of water into a gun-barrel, 
containing four ounce meafures and a half, I got it 
welded up; and making it red hot, it burft in the 
middle after a few minutes. I afeertained the 
quantity of water, by putting it into a fmall glafs 
tube, which I fealed hermetically, and put within 
the gun-barrel. 

I then put fix grains of water into the thicker 
half of a mufket barrel, and three grains and a half 
T 2 into 
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into a thinner barrel. Thefe did not burft when 
they were red hot, and being pierced under water, 
inflammable air rufhed out. I repeated thefe expe¬ 
riments, and always had the fame refult; inflam¬ 
mable air being procured, when the gun-barrels 
were opened under water ; and if the water was in 
fufficient quantity, part of it at lead (for I could not 
meafure it with exa&nefs) was found in the barrel. 

If inflammable air always contains water, water 
fhould be found whenever this kind of air is decom- 
pofed j yet in heating red precipitate in inflammable 
air, I at one time found little or no water. But having 
ufed more precautions, I have fince found it in fufficient 
quantity in this procefs, even though the inflammable 
air was prevloufly well dried with fixed ammoniac. 
In this experiment I difcontinued the procefs after 
three ounce meafures of air were abforbed, leaving 
room in the veflfel, that the moifture might be more 
eafily colle&ed. With this precaution, and warming 
the veflfel, I coile&ed between an half and three- 
fourths of a grain of water. 

This experiment may be thought to be favour¬ 
able to the hypothefis of water being compofed of 
fixed and inflammable air j as all water was care¬ 
fully excluded, and yet a fufficient quantity was 
found in the procefs. But befides taking into the 
account the water that is neceflfary to conftitute the 
inflammable air, why may- not red precipitate , in its 

dried 
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drieft ftate, be fuppofed to contain water, as well as 
the fcales of iron, which will bear any degree of heat 
without parting with it. Red precipitate is made by 
a liquid procefs, and therefore the water, that may 
enter into its compofition as a calx, may quit it 
when it becomes a metal. 

Having found that water is an eflential ingredient 
in the conftitution of inflammable air, at lead: as 
produced from iron, it ftill remained to be deter¬ 
mined whether, when a calx is revived, and the 
metal formed, the pure phlogifton only entered the 
calx, or, together with it, that water which was 
neceflary to its form of inflammable air. 

In order to afcertain this, I frequently revived 
dry calces of lead in dry inflammable air, and exa¬ 
mined the appearances of moifture afterwards. But 
notwithftancling all the attention that I gave to the 
procefs, I could not be abfolutely certain, whether 
more moifture was left in the vefiel than might have 
exifted extraneonjly in the inflammable air, or whe¬ 
ther, when the phlogifton was abforbed, it left be¬ 
hind it any water that had been effential to it, as 
inflammable air. Appearances were fuch as fome- 
times inclined me to think that every thing which 
conftitutes inflammable air goes into a calx, in order 
to form the metal; fo that if this, though a com¬ 
pound thing, be called phlogifton , it will ftill be 
true that phlogifton and inflammable air are the fame 
thing i but, on the whole, I rather think that the 
T 3 water 
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water which was eflential to the conftitution of in¬ 
flammable air was left behind. 

That water, however, may exift in bodies in 3 
combinedfate, without appearing to be water, we 
know in many cafes but it is in nothing more evi¬ 
dent than in the Jcales of iron , than which no fub- 
ftance can have lefs the appearance of containing water. 

But not to give a mere cpiniony I ftiall recite 
the particulars of a few experiments , which I made 
with the view above-mentioned. In fix ounce 
meafures and a half of inflammable air from iron, 
I revived lead till it was reduced to one ounce mea- 
fure and a half^ care having been taken to make 
every thing as dry as poflible. Some moifture, 
however, did appear, perhaps more than half a 
grain ; but as this air had been confined by water, 
it was no more than might have been contained in 
it as an extraneous fubftance. It ought alfo to be' 
confidered, that it mull be exceedingly difficult to 
expel all moifture by mere heat from fuch a pow¬ 
dery fubftance as the yellow caix of lead, without 
reviving the metal. All chemifts well know how 
firmly moifture adheres to many fubftanccs, with 
which it does not properly unite , and how much 
heat is neceflary to feparate them. 

Again, in fix ounce meafures and a half of in¬ 
flammable air from iron,. I revived lead till there 
remained 0.9 of a meafure, and there was hardly 
any more moifture than I had reafon to think might 

have 


S e i 7.J. INFLAMMABLE AIR. 279 

have been in the veflel, independently of what was 
contained in the inflammable air; and in order to 
enable myfelf to judge of this, I melted an equal 
quantity of the fame minium, under a dry glafs vef- 
fel with common air, when a little moifture ap¬ 
peared on the infide of the glafs, about as much, I 
thought (for I could only judge by my eye) as 
when I had revived the lead from that minium in 
inflammable air. The quantity of lead revived was 
only fixteen grains, but a good deal of the minium 
had been made black in the procefs. 

Laftly, I expofed fome calx of lead to the heat of 
the lens in inflammable air, received immediately 
from the veflel in which it was generated from iron 
and oil of vitriol, becaufe this contains lefs water 
than that which has been received in water and con¬ 
fined by it ; and when fix or feven ounce meafures 
of the air were abforbed, I could not fuppoie, from 
the appearance, that the water could be more than 
a quarter of a grain. However, when I repeated 
die experiment once more, I thought there might 
be about half a grain of water, which is more than 
I can well account for, without fuppofing that the 
water which was neceflfary to the conftitution of in¬ 
flammable air, and which I fuppofe to be about 
half its weight, was left behind when the pure phlo- 
gifton revived the calx. This, therefore, is the 
T 4 opinion 
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opinion to which I am inclined; fo that I do not think 
that any water enters into the conftitution of any of 
the metals. 


SECTION II. 

Inflammable Air from Charcoal and Iron , &c. by 
Means of Steam * 

|7 VER fince the difcovery of the diminution of 
^ refpirable air in thofe procefies which are ge¬ 
nerally called phlogiflicj it has been a great objedt 
with • philofophers to find what becomes of the air 
which difappears in them. 

Mr. Cavendifh was of opinion, that when air is 
decompofed, water only is produced; and Mr. 
Watt concluded from fome experiments, of which 
I gave an account to the Royal Society, and alfo 

* This fedicn (which was an article in the Philofophical Tranf- 
aftions, Vol. 75, p.279) might have beenintroduced into Parti, which 
treats of the produ<fHon of inflammable air ; but as it likewife 
proves the compofition of it from water and phlogi/lon, it will, 
upon the whole, ftand better in this connexion. 
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from fome obfervations of his own, that water con- 
fifts of dephlogifticated and inflammable air, in 
which Mr. Cavendilh and M. Lavoifier concur 
with him; but Mr. Lavoifier is well known to 
maintain, that there is no fuch thing as what has 
been called phlogijlon ; affirming inflammable air to 
be nothing elfe but one of the elements or confti- 
tuent parts of water. 

Such were the hypothefes to which I had a view, 
when I began the following courfe of experiments, 
which I hope will be an admonition to myfelf, 
as well as to others, to adhere as rigoroufly as 
pofiible to aBual obfervations , and to be extremely 
careful not to overlook any circumftance that may 
poffibly contribute to any particular refult. I fhall 
have occafion to notice my own miftakes with re- 
fpedt to conclujions , though all the falls were ftri&ly 
as I have reprefented them. But whilft philofo- 
phers are faithful narrators of what they obferve, 
no perfon can juftly complain of being mifled by 
them i for to reafon from the fafts with which 
they are fupplied, is no more the province of the 
perfon who difcovers them, than of him to whom 
they are difcovered. 

I had tranfmitted the vapour of feveral fluid 
fubftances through red hot earthen tubes , and there¬ 
by procured different kinds of air. M. Lavoifier 
adopted the fame procefs, but ufed an iron tube ; 


s ® 2 observations on Part 

and by- means of that circumftance made a very 
valuable difeovery which had efcaped me. I had 
indeed, on one occafion made ufe of an iron tube, 
and tranfmitted fleam through it; but not having 
at that time any view to the preclusion of air, I 
did not collect it at all, contenting myfelf with 
obfervmg that water, after being made red hot, 
was (till water, there being no change in its ftnfiblc 
properties. Being now farther inftruded by the 
experiment of M. Lavoifier, I was determined to 
repeat the procefs with all the attention I could 
give to it; but I Ihould not have done this with 

If mTwTT f 1 had n0t had *■ •*»£ 

f Mr. \v att, who always thought that M. Lavoi- 
fkr s experiments by no means favoured the con- 
clufion that he drew from them. As to myfelf, 
I was a long time of opinion that his conclufion 
was juft, and that the inflammable air was really 
rurnifhed by the water being deccmpofed in the 
procefs. But though I continued to be of this 
opinion for fome time, the frequent repetition of 
the experiments, with the light which Mr. Watt’s 
obfervations threw upon them, fatisfied me at 
length that the inflammable air came from the 
charcoal, or the iron. 

I {hall firft relate the refult of the experiments 
that was made with charcoal, and then thofe with 
iron and other fubftances, in contad with which 
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(when they were in a ftate of fufion, or at leaft 
red hot) I made fteam, or the vapour of other 
liquid fubftances, to pafs. I lhall only obferve 
that, previous to this, I began to make the experi¬ 
ments with coated glafs tubes, which I found to 
an fwer very well during the procefs, though they 
never failed to break in cooling. At length 1 pro¬ 
cured a tube of copper , on which, as M. Lavoifier 
difcovered, fteam had no effe 61 :; and at laft I made 
ufe of earthen tubes, with which Mr. Wedgwood, 
that moft generous promoter of fcience, liberally 
fupplied me for the purpofe; and thefe, glazed 
on the outfide only, I find far preferable to 

copper. . 

The difpofition of the apparatus, with which 
thefe experiments were made, was as follows. The 
water was made to boil in a glafs retort, whic 
communicated with the copper or earthen tube 
that contained the charcoal or iron, &c. and which, 
being placed in an horizontal pofition, was fur- 
rounded with hot coals. The end of this tube 
oppofite to the retort communicated with the pipe 
of a common worm tub , fuch as is generally ufed 
in diftillations, by means of which all the fuper- 
fluous fteam was condenfed, and collected in a 
proper receptacle, while the air which had been 
produced, and had come along with it through 
the worm tub, was tranfmitted into a trough of 

water. 
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water, where proper vefiels were placed to receive 
it, and afcertain the quantity of it; after which I 
could examine the quality of it at Jeifure*. 

, In *** experiment with charcoal , I found un¬ 
expected difficulties, and confiderable variations in 
the refultj the proportion between the charcoal 
and water expended, and alio between each of 
them and the air produced, not being fo nearly 
the fame as I imagined they would have been. 
Alfo the quantity of fixed air that was mixed with 
the inflammable air varied very much This 
laft circumftance, however, f ome of my expert 
ments may ferve to explain. Whenever I had 
no more water than was fufficient for the produc- 
tion of the air, there was never any fenfible quan¬ 
tity of uncombined fixed air mixed with the in¬ 
flammable air from charcoal. This was particu- 
- larJ y d* cafe when I produced the air by means 
of a burning lens in an exhaufted receiver, and 
alfo in an earthen retort with the application of 
an intenfe heat. I therefore prefume, that when 
the fleam tranfmitted through the hot tube con¬ 
taining the charcoal was very copious, the fixed 
air in the produce was greater than it would 
otherwife have been. The extremes that I have 
obferved in the proportion of the fixed to the in- 

* The difpofition of this apparatus, may be feen FI. VII. fig. 2 , 

flammable 
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flammable air have been from one twelfth to 
one fifth of the whole. As I generally produced 
this air, the latter was the ufual proportion; and 
this was exclufive of the fixed air that was inti¬ 
mately combined with the inflammable air, and 
which could not be feparated from it except by 
decompofition with dephlogifticated air; and this 
combined fixed air I fometimes found to be one 
third of the whole m^fs, though at other times not 
quite fo much. 

To afcertain this, I mixed one meafure of 
this inflammable air from charcoal (after the un¬ 
combined fixed air had been feparated from it by 
lime water) with one meafure of dephlogifticated 
aft, and then fired them by the ele£tric fpark. Af¬ 
ter this I always found that the air which remained 
made lime water very turbid, and the proportion 
in which it was now diminifhed, by wafhing in 
lime water, fliewed the quantity of fixed air that 
had been combined with the inflammable. That 
the fixed air is not generated in this procefs, is 
evident from there being no fixed air found after 
the explofion of dephlogifticated air and inflam¬ 
mable air from iron*. 


* When I wrote this paper, I imagined that the fixed air, 
which was found on the decompofition of this inflammable air 
with dephlogifticated air, had been contained in the inflammable 
air. But it will appear, that it muft have been formed by the 

union 
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Notwithstanding the above-mentioned variations, 
the lofs of weight in the charcoal was always much 
exceeded by the weight of the water expended; 
which was generally more than double that of the 
' charcoal; and this water was intimately combined 
with the air; for when I received a portion of it 
in mercury, no water was ever depofited from it. 

The experiment which, upon die whole, gave 
me the moft fatisfa&ion, and the particulars of 
which I Jfhall therefore recite, was the following. 
Expending ninety four grains of perfeft charcoal 
(by which I mean charcoal made with a very 
ftrong heat, fo as to expel all fixed air from it) 
and 240 grains of water, I procured 840 ounce 
meafures of air, one fifth of which was fixed air, 
and of the inflammable part nearly one third more 
appeared to be fixed air by decompofition. 

Receiving this kind of air in a variety of ex¬ 
periments, but not in the preceding ones in par¬ 
ticular (for then I could not have ascertained the 
quantity of it) confifling of fixed and inflammable 
air together, I found fome variations in its fpecific 
gravity, owing, I imagine, to the different propor¬ 
tions of fixed air contained in it; but upon the 
whole, I think, that the proportion of fourteen 

union of phlogifton (or inflammable air) and dephlogifti cat<, d air, 
made by the explofion; though it is remarkable that no fixed air 
« formed when the inflammable air from iron is 

grains 
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crrains to forty ounce meafures is pretty near the 
truth, when the proportion of fixed air is about 
one fifth of the whole. With refpedt to the weight 
of the inflammable air after the fixed air was fe- 
parated from it, I found no great difference, and 
think it may be eflimated at eight grains to thirty 
ounce meafures. 

Upon thefe principles, the whole weight of the 
840 ounce meafures of air will be 294 grains 

that of the charcoal will be 94 

that of the water - - 240 

234 which, con- 

fidering the nature of the experiment, will perhaps 
be thought to be tolerably near to that of the air. 

If the air be analyzed, the 840 ounce meafures 

will be found, to contain 

t68 of nncombined ft~cd air=i5i grains, 
and 67a impure inflammable =179 

fo that the whole 840 will weigh - - 330 

It may, however, be fafely concluded from this 
experiment, and indeed from every other that I 
made with charcoal, that there was no more pure 
inflammable air produced than the charcoal itfeif 
may be very well fuppofed to have fupplied. 

There is, therefore, no reafon for deferting the 
old eftablifhed hypothefis of pblogijtcn on account 
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of thefe experiments, fince the fa£t is by no mean3 
inconfiflent with it. The pure inflammable air, 
with the water neceflfarily contained in it, would 
weigh no more than about thirty grains, while the 
loft of weight in the charcoal was ninety four 
grains. But to this mull be added the phlogifton 
contained in 392 ounce meafures of fixed air, 
which, according to Mr. Kirwan’s proportion, will 
be nearly fixty five grains, and this and the thirty 
grains will be ninety five grains. 

The bafis to this fixed air, as well as to the in¬ 
flammable, muft have been furnilhed by the water • 
«md I afterwards found that water is about one 
half of the weight of fixed air. 

Before I conclude my account of the experi¬ 
ments with charcoal, I would obferve, that there 
is another on which I place fome dependence, in 
which, with the loft of 178 grains of charcoal, 
and 528 grains of water, I procured 1410 ounce* 
jneafures of air, of which the lalt portion (fori 
did not examine the relt) contained one fixth part 
of uncombined fixed air. This was made in an 
earthen tube glazed on the outfide. 

The experiments with iron were more fatisfac- 
tory than thofe with charcoal, being fubjetf to left 
variation; and they by no means require us to 
fuppofe that the inflammable air comes from the 
water , but only from the tron y as the quantity of 
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water expended, deducing the weight of the ait 
produced, was as nearly as could be expe&ed in 
experiments of this kind, found in the addition of 
weight gained by the iron. And though the in-*- 
flammable air procured in this procefs is between 
one third and one half more than can be procured 
from iron by a folution in acids, the reafon may 
be, that much phlogifton is retained in the folu-*- 
tions, and therefore much more may be expelled 
from iron, when pure water, without any acid* 
takes the place of it. I would farther, oblerve, 
that the produce of air, and alfo the addition of 
weight gained by the iron, are much more eafily 
afeertained in thefe experiments than the quantity 
of water expended in them, on account of the great 
length of the veffels ufed in the procefs, and the 
different quantities that may perhaps be retained 
in the worm of the tub j though I did not fail to 
ufe all the precautions that I could think of, to 
guard againft any variation on thefe accounts. 

Of the many experiments which I made with 
iron, I lhall content myfelf with reciting the fol- 
lowing refults. With the addition of 267 grains 
to a quantity of iron, and the lofs of 336 grains 
of water, I procured 840 ounce meafures of in¬ 
flammable air j and with the addition of 140 grains 
to another quantity of iron, and the confumption 
Vol. I. U of 
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of 254 grains of water, I got 420 ounce .meafures 
of air *. 

The inflammable air produced in this manner 
is of the lighted kind, and free from that very 
offenfrve Jmell which is generally occafioned by the 
rapid foiution of metals in oil of vitriol, and it is 
extricated in as little time in this way as it is pof- 
fible to do it by any mode of folution. On this 
account it occurred to me, that it mull be by 
much the cheaped method that has yet been ufed 
of filling balloons with the lighted inflammable air. 
For this purpofe it will be proper to make ufe of 
call iron cylinders of a confiderable length, and 
about three or four inches, or perhaps more, in 
diameter. Though the iron tube itfelf will con¬ 
tribute to the produ&ion of air, and therefore may 


* If the perfed accuracy of the former of thefe experiments 
may be depended on (and it may always be prefumed, that thofc 
in which little water is expended are preferable to thofe in which 
more is confumed) the water that neceflarily enters into this kind 
of inflammable air is about equal in weight to the pblogi/loH that 
is in it. 

The water expended was 336 grains, and the iron gained 467 
grains. Suppofing it to have loft phlogifton equal to half the 
weight of the inflammable air, viz. 840 ounce meafures = 45 grains 
(the whole weight of that air being 50 grains) the water that really 
entered into the iron mult be eftimated at 494 grains (which is 

*67-J-45). This dedu&ed from 336, leaves a remainder of 34, 

which is not much m^e than a;, or half the weight of the in¬ 
flammable air. . 

become 
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become unfit for the purpofe in time; yet, for 
any thing that I know to the contrary, the fame 
tube may ferve for a very great number of pro- 
celles, and perhaps the change made in the infide 
furface may protect it from any farther a&ion of 
the water, if the tube be of fufficient thicknefs; 
but this can only be determined by experiment. 

Having recommended this procefs as the cheap- 
eft and the moft convenient for filling balloons, 
efpecially when tubes of caft iron fliould be made 
ufe of; I was willing to make a trial of one, in 
order to form fome judgment how long they 
would laft for die purpofe. I therefore procured 
one of an inch and a quarter in diameter, and not 
more than a quarter of an inch in the thicknefs of 
the metal; and making the middle part of it red 
hot, fent fteam through it; and from the refult of 
four or five procefles with die fame tube, I have 
little doubt, but that, if they weie made of the 
thicknefs of half an inch in the metal, and care 
was taken to coat them on the outfide with clay 
and fand, the fhme tube might probably ferve 
twenty times. That the reader may form fome 
judgment as well as myfelf, I lhall mention the 
refult of my obfervations. 

I heated the tube four or five different times, 
and in each procefs tranfmitted as much water 
through it as would have been more dian fufficient 
U 2 to 
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to decompofe all the iron that it could have con¬ 
tained. At firft four ounce meafures of water 
procured 180 ounce meafures of inflammable air, 
and then fix ounce meafures procured only 160 
ounce meafures. I then examined the tube, and 
found that when both the infide and outflde were 
well fcraped with a lharp inftrument, it had loft 
twenty five grains in weight. The fcales from 
the outflde weighed 282 grains, while all that I 
could get from the inflde weighed only thirty fix 
grains. Confequently the tube had gained in 
weight 283 grains. After this I heated it again, 
and tranfmitted through it fix more ounces of 
water, which yielded only fixty ounce meafurei 
of air. 

From thefe experiments it may be inferred, 
that the tube would foon have ceafed to give any 
air; the inflde being changed to fome depth by 
the aftion of the ftearrr, and yet it was not much 
difpofed to exfoliate. In time it would, no doubt, 
have become brittle, and might be in danger of 
breaking, from its difpofition to bend in the courfc 
of the procefs. This bending was very confider- 
able; but did not feem to arife from any tendency 
in the iron to melt . Perhaps by turning it in cool¬ 
ing, this bending, and confequently the danger of 
cracking after much ufe, might be prevented; or 
this property of bending might in a great meafure 

ceafe > 
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ceafe, when the metallic ftate of the tube was de- 
Uroyed; and yet with care might continue a firm 
and compadt tube, and as fit for this procefs as 
at the firft. If this lhould be the cafe (which ex¬ 
perience alone can determine) it is not to fay how 
long a tube of this kind might laft. It would 
then be a kind of earthen tube , of the moft perfedt 
nature, completely air tight, without being fubjedt 
to ruft or decay. 

Upon the whole, lhould the fondnefs for bal¬ 
loons be refumed, I fee no reafon why far die 
greateft part of the expence attending the filling 
of them might not be faved by means of this procefs. 
A complete apparatus for it would not coft half lb 
much as the filling of a fingle balloon, that would 
carry a man, in the common way, and would ferve 
at lcaft a confiderable number of times, with die 
expence of a very few pounds each time ; as there 
would be hardly any thing to pay for belides fire 
and attendance , for a few hours. For fuch iron as 
would bell anfwer for this pyrpofe might, in moft 
places, be had for a mere trifle. One apparatus, 
conveniently fixed, might ferve for a whole town 
or neighbourhood. 

Some eftimate of what may be expedted from 
this method of procuring inflammable air may be 
formed from the following obfervations. About 
t-welve inches in length of a copper tube, three 
U 3 fourths 
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fourths of an inch in diameter, filled with iron turn¬ 
ings (which are more convenient for this purpofe 
than iron filings , as they do not lie fo clofe, but 
admit the fteam to pafs through their interftices) 
when it was heated, and a fufficient quantity of 
fteam pafied through it, yielded thirty ounce mea- 
fures of air in fifty feconds j and eighteen inches 
of another copper tube, an inch and a quarter in 
diameter, filled and treated in the fame manner, 
gave two hundred ounce meafures in one minute 
and twenty five feconds j fo that this larger tube 
gave air in proportion to its folid contents com¬ 
pared with the fmaller; but to what extent this 
might be depended upon I cannot tell. However, 
as the heat penetrates fo readily to fbme diftance, 
the rate of giving air will always be in a greater 
proportion than that of the fimple diameter of the 
tube. 

The following experiment was made with a view 
to afcertain the quantity of inflammable air that 
may be procured in this way from any given quan¬ 
tity of iron. Two ounces of iron, or 960 grains, 
when diffolved in acids, will yield about 800 
ounce meafures of air ; but treated in this man^ 
ner it yielded 1054 ounce meafures, and then the 
iron had gained 329 grains in weight, which 
is little fhort of one third of the weight of the 
iron. 

Con- 
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Con fide ring how little this inflammable air 
weighs, viz. the whole 1054 ounce meafures not 
more than fixty three grains, and the difficulty of 
afcertaining the lofs of water to fo fmall a quantity 
as this, it is not pofiible to determine, from a pro- 
cefs of this kind, how much water enters into the 
compofition of the inflammable air of metals. It 
would be more eafy to determine this circum- 
ftance with rcfped to the inflammable air of char¬ 
coal, efpecially by means of the experiment made 
with a burning lens in vacuo. In this method 
two grains of charcoal gave at a medium thirteen 
ounce meafures of inflammable air, which, in the 
proportion of thirty ounce meafures to eight grains, 
will weigh 3.3 grains; fo that water in the com¬ 
pofition of this kind of inflammable air is in the 
proportion of 1.3 to a, though there will be fome 
difficulty with refpeft to the fixed air intimately 
combined with this kind of inflammable air. 

The experiments above-mentioned relating to 
iron were made with that kind which is malleable ; 
but I had the fame refult when I made ufe of 
fmall nails of cafi iron , except that thefe were 
firmly fattened together after the experiment, the 
furfaces of them being cryftallized, and the cryf- 
tals mixed with each other, fo that it was with 
great difficulty that they could be got out of the tube 
after the experiment; and in general the folid parts 
U 4 of 
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of the nails were broken before they were feparated 
fiom each other. Indeed the pieces of malleable 
iron adhered together after the experiment, but by 
no means fo firmly. 

'Call iron annealed (by being kept red-hot in 
charcoal) is remarkably different from the call iron 
which has not undergone that operation, efpecially 
in its being, to an extraordinary degree, more fo- 
luble in acids. With the turnings of annealed call 
iron I made the following experiment. From 960 
grains of this iron, and with the lofs of 480 grains 
of water, I got 870 ounce meafures of inflamma¬ 
ble air, and tranfmitting fleam through them a fe- 
cond time, I got 150 ounce meafures more. The 
iron had then gained 246 grains in weight, and the 
pieces adhered firmly together ; but being thin they 
were eafily broken and got out of the tube, whereas 
it had required a long time, and a fharp fleel inflru- 
ment, to clear the tube of the call-iron nails. 

Having made another experiment with iron , with 
as much attention as I could give to it, I fhall in 
the firfl place mention that. From two ounces of 
iron turnings (which is call iron annealed) I got in 
the firfl inflance 985 ounce meafures of air, with 
the lofs of 528 grains of water; and the iron, I 
found, had gained 292 grains in weight. Then 
making four ounces of water of this refiduum pafs 
oyer the fame iron, it gained four grains more, and 

all 
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all the air that I procured was 998 ounce meafures. 
So that (as extreme accuracy is not to be obtained 
in procefies of this kind) it may be faid that two 
ounces of this kind of iron will, in this way, yield 
1000 ounce meafures of air; whereas by folution 
in vitriolic acid, it would have yielded about 800. 
Confequently more air by two fifths may be pro¬ 
cured by this new mode of treatment, which alone 
fhould recommend it to thofe who fill balloons. 

Having procured water from the fcales of iron 
(by heating them in inflammable air) and having 
thereby converted it into perfect iron again, I did 
not entertain a doubt but that I fhould be able to 
produce the fame effeCt by heating it with charcoal 
in a retort; and I had likewife no doubt but that I 
lhould be able to extract the additional weight 
which the iron had gained ( [viz . one-third of the 
whole) in ivater. In the former of thele con¬ 
jectures I was right; but with refpeCt to the latter, 
J was totally miftaken. 

Having made the fcales of iron, and alfo the 
powder of charcoal very hot, previous to the expe¬ 
riment, fo that I was fatisfied, that no air could be 
extracted from either of them feparately by any de¬ 
gree of heat, and having mixed them together 
while they were hot, I put them into an earthen re¬ 
tort, ’glazed within and without, which was quite 
impervious to air. This I placed in a furnace, in 

which 
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•which I could give it a very ftrong heat; and con¬ 
nected with it proper vefiels to condenfe and collect 
the water which I expected to receive in the courfe 
of the procels. But, to my great furprife, notone 
particle of moijlure came over, but a prodigious 
quantity of atr, and the rapidity of its production 
aftonifhed me j lo that I had no doubt but that the 
weight of the air would have been equal to the lofs 
of weight both in the fcales and in the charcoal; and 
when I examined the air, which I repeatedly did, 
I found it to contain one-tenth of fixed air; and die 
inflammable air, which remained when the fixed air 
was feparated from it, was of a very remarkable 
kind, being quite as heavy as common air. The 
realon of this was fufficiently apparent when it was 
decompofed by means of dephlogifticated air j for 
the greateft part of it was fixed air. 

The theory of this procefs I imagine io be, that 
the phlogifton from the charcoal reviving the iron, 
the water with which it had been faturated, being 
now fet loofe, affeCted the hot charcoal as it would 
have done if it had been applied to it in the form of 
Jieam as in the preceding experiments; and therefore 
the air produced in thcfe two different modes have 
a near refemblance to each other, each containing 
fixed air, both combined and uncombined, though 
in different proportions j and in both die cafes I 
found thefe proportions fubjeCt to variations. In 

one 
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one procefs with charcoal and fcales of iron, the firft 
produce contained one fifth of uncombined fixed 
air, the middle part one tenth, and the laft none at 
all. But in all thefe cafes the proportion of com¬ 
bined fixed air varied very little. 

Why (At and not water Ihould be produced in 
this cafe, as well as in the preceding, when the iron 
is equally revived in both, I do not pretend perfectly 
to underftand. There is, indeed, an obvious dif¬ 
ference in the circumftances of the two experiments ; 
as in that with charcoal the phlogifton is found in a 
combined ftate ; whereas in that of inflammable 
air, it is loofe, or only united to water j and per¬ 
haps future experiments may difcover the operation 
of this circumftance*. 

* This experiment teems to be decifive again ft the hypothecs of 
Mr. Lavoifter, and others, who lay that the inflammable air pro¬ 
cured by means of iron and charcoal, comes from the water, and 
who think that by this means they can exclude phlogifton. For, 
according to them, neither the fcales of iron, nor the charcoal, 
contain phlogifton, or any thing from which inflammable air can 
be made, but are merely fubftances capable of imbibing pure air* 
and thereby fetting at liberty the inflammable air contained in the 
water; fuppofing the fcales of iron to have been only iron faturated 
with dephlogifticated air. But had this been the cafe, there was 
nothing in either of the materials made ufe of in this experiment 
from which the inflammable air could poflibly come, there being 
no water contained in either of them. But fuppofing the reality of 
phlogifton, and its conftituting a part of metals, of charcoal, and 
of inflammable air, the experiment is very intelligible. 


After 


300 observations on Part III, 

After having tranfmitted fleam in contact with 
charcoal and iron in a copper tube, I propofed to do 
tne fame with other fubftances containing phlogiflon, 
and I began with bones, which were burned black, 
and had been fubje&ed to an intenfe heat, covered 
w ith land, in an earthen retort. From three ounces 
of bones thus prepared, and treated as I had done 
the charcoal, I got 840 ounce meafures of air, with 
the lofs of 288 grains of water. The bones were 
by this means made perfe£tly white, and had loft 
no grains of their weight. As the air ceafed to 
come a eonfiderable time before all the water had 
been tranfmitted through the tube containing them, 

I concluded that the air was formed from die phlo- 
gifton contained in the bones, and To much water as 
was neceffary to give it the form of air. 

This air diiTers confiderably from any other kind 
of inflammable air, being in feveral reibe&s a me¬ 
dium between that from charcoal and that from 
iron. It contains about one fourth of its bulk of 
uncombined fixed air, but not quite one tenth in¬ 
timately combined with the remainder. The ^a- 
ter that came over was blue, and pretty ftrongly al¬ 
kaline, which muft have been occafioned by the 
volatile alkali not having been intirely expelled from 
the bones in the former procefs, and its having in 
part diffolved the copper of the tube in which the 
experiment was made, 

I lob* 
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I fubjeited to the fame procefs a variety of fub 4 - 
ftances that are faid not to contain phlogifton, but 
I was never able to procure inflammable air by 
means of them ; which ftrengthens the hypothecs of 
the principal element in the conftitution of this air 
having been derived from the fubftance fuppofed to 
contain phlogifton, and therefore that phlogifton is 
a real fubftance, capable of afluming the form, of 
air by means of water and heat. 


SECTION III. 

Of the ' AElion of Steam on various Subflances in a 
red Heat, 

H AVING procured inflammable air by fend¬ 
ing fteam over red hot irony I afterwards ex¬ 
tended the fame procefs to other fubftances, and as 
moft of thofe contained phlogifton, and yielded in¬ 
flammable air, I Ihall recite them in this place. 

Having been able to decompofe iron by con¬ 
verting it into fcales, I alfo found that in this way, 
I could readily procure flowers of zinc, as well as in¬ 
flammable air from that metal. The flowers came 
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over in a very attenuated ftate, the air being loaded 
wit t em. It might be poflible, however, to con¬ 
trive an apparatus to colled them. 

Prajs being made with a mixture of zinc and 
' “ pper> and zinc being 1° eafily decompofed by 
Iteam, whenever a copper tube is ordered for the 
purpofe of theft experiments, particular care ihould 
be taken that there be no mixture of brafi in it, 
though it is difficult to have copper caft fmooth and 
. d Without a mixture of either brafs or tin, which 
is not much better. Even pure copper tubes be¬ 
come britde, and at length crack in thefe experi- 
ments. r 


IittV h- r* - ° n j e Ume been P^rfnaded to have a 
httle brafs mixed with the copper in one of thefe 

tubes I confented that the fmalleft quantity that 
could be fuppofed to be necelTary to make the tube 
compart, Ihould be put into it. But notwithftand- 
ing this, and though the tube had a quarter of an 
inch thicknefs of metal, it fell to pieces in the very 
hrft experiment, in which I fent the fteam of no 
more than two or three ounces of water through it. 
Inflammable air was produced very copioufly, and 
the flowers of zinc were muted with it; fo readily 
did the fteam feparate the zinc from the copper, 
though the heat was only fuffi c i en t to make the tube 
red hot, and was far from melting it. 
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Lead would probably be far lefs affe&ed than cop¬ 
per in thefe experiments ; but then it will not bear 
a red heat without melting. I made the fteam of 
about four ounces of water pafs over four ounces of 
melted lead, in an earthen tube, with hardly any 
fenfible effefr. The lofs of water was not more 
than 0.2 of an ounce meafure. 

After ufing charcoal in the experiments recited in 
the preceding fe&ion, I went through one procefs 
with coakj or the cinder of pit coal, and found that 
from 174 grains ofcoak, and with the lofs of 528 
grains of water, I got 1700 ounce meafures of air, 
of which one fifth was fixed air, and thirty ounce 
meafures of it weighed ten grains lefs than an equal 
bulk of common air. The analyfis of this air will 
be found in the fe< 5 tion appropriated to that fub- 
jeft. 

On iron ore this procefs had no effort. The fame 
was the cafe with the trial I made of quick lime , and 
fuch would probably be the cafe with dephlogifti- 
cated earths in general. 

With manganeje, however, the refult was differ¬ 
ent. Having made the fteam of four ounces of 
water pafs over 828 grains of this fubftante, which 
had been expofed to a ftrong heat in an earthen re¬ 
tort fome time before, I g 0 t thirty five ounce mea¬ 
fures of air, almoft the whole of which was pure 
fixed air, with a refiduum a little better than com¬ 


mon 
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mon air. The manganefe had loft 132 grains, and 
from being black, was become very brown. Again, 
I tranfmitted the fteam of eight ounces of water 
over two ounces and a half of manganefe, and got 
' about 100 ounce meafures of pure fixed air, with 
a refiduum a little phlogifticated. The manganefe 
had loft 112 grains. 


SECTION IV. 

Whether inflammable or nitrous Air contain mors 
Phlogifton. 

I T is well known that both nitrous and inflam¬ 
mable air contain phlogifton, but in very dif 
ferent ftates , becaufe their Ipecific gravities, and 
other properties, are moft remarkably different. 
Many fchemes have occurred to me to afcertain the 
proportion of phlogifton that each of them contains i 
and at length I thought of attempting the folution 
of this problem, by burning inflammable air in a 
given quantity of common air. For though in¬ 
flammable air will net part with its phlogifton to 
common air when cold; it will, like other combuf- 
: ... tible 
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tible fubftances, when heated to a certain degree. 
It is then decompofed, and die phlogifton that en¬ 
tered into its compofition phlogifticates the air in 
which it is burned j and the degree of phlogiftica- 
tion may be meafured by the teft of nitrous air. I, 
therefore, proceeded as follows. 

In an eight ounce phial, containing many nails,, 
and a quantity of water with oil of vitriol, I pro¬ 
duced inflammable air; and making it burn with 
a fmall flame, at the orifice of a glafis tube through 
which the air was tranfmitted (being cemented into 
the cork, of the phial) I covered the flame with a 
receiver that contained twenty-one ounce meafures 
of air, (landing in water. After fix minutes, the 
flame went out; when, immediately catching the 
air that was produced in the next fix minutes, and 
alfo in the fix minutes following, I concluded that 
(even ounce meafures had been produced, and de¬ 
compofed, during the fix minutes in which it had 
continued to burn. 

Then examining the air in which it had burned, 
I found it fo far phlogifticated, that equal meafures 
of it and of nitrous air occupied thefpace of 1.65 
meafuies j and common air mixed with one third 
as much nitrous air, being again mixed in equal 
proportions with the fame frelh nitrous air, occu- 
pied the fpace of 1.68 meafures. It appeared, there¬ 
fore, that the twenty one ounce meafures of air, having 

Vol. I. X received 
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received the phlogifton of one third as much inflam¬ 
mable air, viz. /even ounce meafures, was about 
as much phlogifticated as it would have been with 
a mixture of the fame proportion of nitrous air. 
Confajuendy, equal meafures of nitrous and in¬ 
flammable air contain about equal quantities of 
phlogifton. 

Of this curious problem, however, I have ob¬ 
tained a more accurate folution from the mode of 
experimenting introduced by that excellent philofo- 
pher Mr. Volta i who fires inflammable air in com¬ 
mon air, by the eledtric lpark, and confequently 
can determine the exadt proportion of the inflamma¬ 
ble air decompiled in a given quantity of common 
air. The refult of this procels agreeing with that 
of the former, leaves little doubt with refpedt to the 
conclufion I have drawn from them. 

Having prepared a ftrong glafs tube, in one end 
of which l had cemented a piece of wire, I filled it 
with water, and introduced into it another piece of 
wire, fo as to come within about half an inch of 
the former wire, that an eledtric explofion might 
eafily pafs between them. 

Into this tube, thus prepared, I transferred, in 
the firft place, one meafure of inflammable air, and 
three of common air; and then, by means of an 
eledtric explofion between the wires, in the central 
place of the air, I fired all the inflammable air, 

which 
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which would then be decompofed, and, of courfe, 
part with its phlogifton to the common air with 
which it was mixed. After the explofion, I ac¬ 
cordingly found it to be completely phlogifticated. 
This alfo would have been the confluence of mix¬ 
ing the fame proportion of nitrous air with the com¬ 
mon air. But to determine the problem with ac¬ 
curacy, it was necefiary to ufe fuch a proportion of 
inflammable as would only phlogifticate the common 
air in part. 

I therefore mixed one meafure of inflammable 
air with three meafures of common air, and after the 
explofion found it to be fo far phlogifticated, that 
one meafure of this and one of nitrous air occupied 
the fpace of 1.8 meafures j and this I alfo found, 
by the fame teft, to be exadlly the ftate to which 
a mixture of one rrteafure of the fame nitrous air 
brought three meafures of the fame common air. 

In order to obtain a farther confirmation of my 
conclufion, I mixed one meafure of inflammable 
air with four meafures of common air 5 and after 
the explofion I alfo found, by the teft of nitrous 
air, that if was phlogifticated exaftly as much as by 
the mixture of an equal quantity of nitrous air. And 
repeating the experiment with the fame proportion 
of inflammable and common air, I found that after 
the explofion the air was diminifhed, without 
mixing with nitrous air, juft as much as one mea- 
X 2 l'ure 
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fore of nitrous air diminifoed four meafures of com¬ 
mon air, viz. from 7.4 to 5.2 meafures. 

Having fmce this given more attention to thefe 
experiments, I have feen reafon to conclude that 
inflammable air from iron and water, contains more 
phlogifton than nitrous air, in the proportion of 
ten to nine. For nine meafures of inflammable air 
will diminifh dephlogifticated air as much as ten of 
nitrous air. 


SECTION V. 

The Analyfis of different Kinds of inflammable Air, 

B EFORE I proceed to the analyfis of the 
different kinds of inflammable air, which is 
the fubjedt of this fettion, I fhall obferve, that the 
pureft we can procure (which is that from metals 
by folution in the mineral acids, or rather that by 
means of fleam from red-hot iron) feems to confift 
of phlogifton and w ater, and that neither acid nor 
alkali is a necelfary ingredient in it j though, when 

it 
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it is produced by means of either of them, a fmal! 
poruon Of either may be retained in it, as an ex¬ 
traneous fubftance That this, however, is the cafe, 
has been very clearly Ihewn by Mr. Senebier, 
though I think that the produaion of inflammable 
air by means of iron and fleam only, without either 
acid or alkali, diffidently proves that his hypothefis 
of inflammable air neceflarily acquiring fome faline 
bafis, cannot be well founded. 

It was, indeed, my own firft opinion, that in¬ 
flammable air confifts of acid and phlogifton. Af¬ 
terwards I adopted the opinion of Mr. Kirwan, viz. 
that it is pure phlogifton in the form of air, but 
at prefent I am fully fatisfied with the opinion of 
Mr. Cavendilh, that water is an eflential ingre¬ 
dient in the conftitution of this kind of air. 

That no acid is neceflarily contained, or at lead 
in any fenfible quantity, either in inflammable air 
though produced by means of acids, or in the de’ 
phlogifticated air of the atmofphere, feemed to be 
evident from the following experiment, which I 
made with the greateft eare. Taking a bafon 
which contained a fmall quantity of water tinged 
blue with <he juice of tumfole, I placed in it a bent 
tube of g a s, which came from a veflel containing 
iron and diluted oil of vitriol; and lighting the cur¬ 
rent of inflammable air, as it iflued from this tube, 

|b that it burned exadtly like a candle, I placed over 
X d it 
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it an inverted glafs jar j fo that the mouth of it was 
plunged in the liquor. Under this jar the inflam¬ 
mable air burned as long as it could, and when it 
wasextinguilhed, for want of more pure air, I iuffered 
the liquor to rife as high as it could within the jar, 
that it might imbibe whatever fhould be depofited 
from the decompofition of either of the two kinds 
of air. I then took off the jar, changed the air in 
it, and lighting the ftream of inflammable air, re¬ 
placed the jar as before. This I did till I had de- 
compofed a very great quantity of the two kinds of 
air, without perceiving the leaft change in the co¬ 
lour of the liquor, which muft, I thought, have 
been the cafe if any acid had entered as a necefiary 
conftituent part into either of the two kinds of air. 
1 alfo found no acid whatever in the water which 
was procured by keeping a ftream of inflammable 
air conftandy burning in a large glafs balloon, 
through which the air could circulate, fo that the 
flame did not go out. 

With refped to inflammable air itfelf, I have be¬ 
fore obferved, that when fufficient care is taken to 
free it from any acid vapour that may be accidentally 
contained in it, it is not in the fmalleft degree af¬ 
fected by a mixture of alkaline air. On the whole, 
therefore, I have at prefent no doubt but that pure 
inflammable air, though it certainly contains water , 
does not necefiarily contain any acid. Yet an acid 

vapour 
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vapour maybe eafily diffufed through It, and may 
perhaps in many cales be obftinately retained by it, 
as no kind of air feems to be capable of fo great 
a variety of impregnations as inflammable air is. 

That there are different kinds of inflammable 
air, has been obferved by moft perfons who have 
made any experiments on air. That which has 
been moft commonly obferved is, that feme of 
them burn with what may be called a lambent flame y 
fometimes blue, fometimes yellow, and fometimes 
white, like the flame from wood or coals in a 
common fire; whereas another kind always burns 
with an explofion , making more or lefs of a report, 
when a lighted candle is dipped into a jar filled 
with it. Of the latter kind is that which is ex¬ 
tracted from metals by means of acids, &c. and 
of the former kind is that which is expelled from 
wood, coal, and other fubftances by heat. It has 
alfo been obferved, that thefe kinds of inflammable 
air have different fpecific gravities, the pureft kind, 
or that which is extracted from iron, &c. being 
about ten times lighter than common air, but 
fome of the other kinds not more than twice as 
light. 

The caufe of this difference I once thought I 
had difcovered to be the heavier kinds of inflam¬ 
mable air containing a proportion of fixed air, fo 
Intimately combined with them, lb as not to be 
X 4 dif- 
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difcoverable by lime water, while the lighteft kind 
contained no fixed air at all. This hypothefis I 
formed from decompofing them with common or 
dephlogifticated air, by the eledlric explofion. For, 
after the experiment with the heavier kinds of in¬ 
flammable air, I always found a quantity of fixed 
air in the refiduum, but none at all after the ex¬ 
periment with the lighteft kind. 

In order to decompofe any kind of inflamma¬ 
ble air, I generally mix it with an equal quantity 
of dephlogifticated air, and then confine them in 
a ftrong glafs veflel, previoufly filled either with 
water or mercury, and I make an ele&ric fpark in 
fome part of the mixture, by means of wires in¬ 
ferred through the Tides of the veflel, and nearly 
meeting within it. By this procefs, I imagined, 
that I was able to afcertain two things relating to 
-the conftitution of different kinds of inflammable 
air, viz. the quantity of combined fixed air (as l 
then thought it to be) and likewife the relative 
quantity of phlogifton contained in each of them. 
The former appeared by wafhing the air with 
lime water after the explofion, and obferving how 
much of them was abforbed, and the latter by 
examining the refiduum with the teft of nitrous 
air, and obferving the purity of it. In moft of 
thefe experiments I made ule of dephlogifticated 
air, in preference to common air, becaufc I could 

no$ 
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not make Tome kinds of inflammable air to ex¬ 
plode at all with common air. Otherwife I fhould 
have preferred this, as being the moll nearly of 
the fame quality. However, I always noted the 
degree of purity of the dephlogifticated air that 
I made ufe of before I began any of thefe analyfes. 

Finding, however, that in fome cafes more fixed 
a ir was found after the explofion of the two kinds 
of air, than could pofiibly have been contained in 
the inflammable air, on account of the weight of 
it, I was fatisfied that there mull have been a real 
generation of it, by an union of the inflammable 
and dephlogifticated air. It is remarkable, how¬ 
ever, that fome kinds of inflammable air fhould. 
fo readily unite with dephlogifticated air, fo as to 
make a confiderable quantity of fixed air; and 
that others, treated in die fame manner, fhould not 
do this at all ; and alfb that thofe which do it 
fhould be the heavier kinds of inflammable air. 
This is a new and curious lubjeft of inveftigation. 

The pureft and lighteft inflammable air is that 
which is extra&ed from iron, and other metals, 
by a folution in the acids, or by means of fteam. 
One meafure of this kjnd of air, and one of de¬ 
phlogifticated (fuch as that, when mixed with two 
equal quantities of nitrous air, there remained 0.72 
of a'meafure) exploded together in the manner 
deferibed above, were reduced to 0.6 of a mea¬ 
fure. 
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fure, no fixed air was found in the refiduum, and 
when examined with an equal quantity of nitrous 
aii, was reduced to 0.87 of a meafure. 

With the fame dephlogifticated air I examined 
mfiammable air that had been got from a mixture 
of finery cinder and charcoal, and found, that after 
the explofion, the two meaiures were reduced only 
to 1.85, but that by wafning in the lime water, 
they were reduced to 1.2. Confequently 0.65 of 
a meafure of fixed air had been generated in the 
procefs. When this was feparated from it, and 
the remainder examined by nitrous air, it appeared 
to be of the ftandard of 0.9; fb that the dephlogif- 
ticated air had been more injured by this than 
by an equal quantity of the common inflammable 
air, though the difference in this refpeft was not 
confiderable. 

In another procefs with this kind of inflamma¬ 
ble air, the diminution after the explofion was to 
I * 55 > and that after the wafhing in lime water to 
0.65 of a meafure; fo that there had been a gene¬ 
ration of 0.9 of a meafure of fixed air. In another 
experiment the firft. diminution was to 1.6, and 
the fecond 0.66, fo that 0.94 of a meafure of fixed 
air had been produced And laftly, in another 
procefs, the firft diminution was to 1.6, and the 
fecond to 0.6 of a meafure; fo that there was a 
generation of one complete meafure of fixed air, 

and 


and this was a clear proof that it could not have 
been contained in a combined ftate, as I at firft 
imagined, in the inflammable air; fince then it 
muft have been much heavier than I had ever 
found it to be; for, though I found the fpecific 
gravity of it to be fomething different at different 
times (and the preceding experiments were made 
w ith die air of different proceffes) I had never 
found that forty ounce meafures of this air was 
m ore than two grains heavier than an equal bulk 
of common air. 

This, indeed, is a remarkable circumftance with 
refpeft to a fpecies of inflammable air, as it does 
|ot appear by the teft of lime water to contain 
any fixed air; but' it ought to have weighed more 
than one half heavier than common air, to have 
adhiafly contained in combination all the fixed air 
that I found after its explofion with the dephlo- 
gifticated air. Indeed, if any quantity of inflam¬ 
mable air, of about the fame fpecific gravity with 
common air (which is the cafe with that fpecies 
of it which I am now confidering) yield fo much 
as feven tenths of its bulk of fixed air, in confe- 
quence of its explofion with dephlogifticated air, 
it is a proof that at leaft part of that fixed air was 
generated in the procefs, becaufe feven tenths of 
fuoh fixed air would weigh more dian the whole 
meafure of the inflammable air. 
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Inflammable air from Jpirit of wine (made by 
tranfmitting it in vapour through a red hot earthen 
tube) being analized in the manner above-men¬ 
tioned, one meafure of it, and one of the fame 
dephlogifticated air that was ufed in the former 
experiment, were reduced to one meafure, and by 
wafhing in lime water to 0.6 of a meafure; fo 
that four tenths of its bulk of fixed air had been 
generated in the procefs. The ftandard of the re- 
fiduum was 1.7; fo that the dephlogifticated air 
had been injured much more than in either of the 
former proceffes, and confequently it mu ft have 
contained more phlogifton. 

I found confiderablc variations in the experiments 
with this, as well as with fome other kinds of in¬ 
flammable air. For, in another procefs, in which 
the earthen.tube had been filled with bits of cruci¬ 
bles (in order to expofe more red furface to the va¬ 
pour of the fpirit of wine) the firft diminution was 
to 1.6, the fecond to 1.4; and the ftandard of the 
refiduumwas 1.84. In another procefs with this 
kind of air, the firft diminution was to 1.2, and the 
fecond to 0.9. 

Haying procured a quantity of inflammable air, 
by tranfmitting fteam over red hot platina, I ana¬ 
lized it in the fame manner, and found that the two 
meafures were reduced by the explofion to 0.72. It 
contained no fixed air, and the refiduum was of the 
ftandard of 0.9. 
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Inflammable air, procured by making fteam pafs 
over melted brimftone, being examined in the fame 
manner, the firft diminution was to 0.6, and no fixed 
a ir was found in it. In this refpeft itfeems to have 
been the fame thing with inflammable air from iron, 
but the ftandard of the refiduum was 0.95 ; fo that 
it feems to have contained more phlogifton. But as 
the quantity of this air was not great, it probably 
contained a mixture of other air. 

Inflammable air procured in the fame manner 
from melted arjemc> appeared to be very different 
from that which was extra&ed from brimftone. For 
the two meafures were reduced by the explofion to 
1.15, and by wafning with lime water, to 0.95; fo 
that one fifth of its bulk of fixed air had been gene¬ 
rated. The ftandard of the refiduum was 0.82. 

At the lame time I examined fome inflammable 
air, that had been made by heating bits of crucibles 
in alkaline air , and found that the two meafures were 
reduced by the explofion to 0.96 of a meafure, that 
the refiduum contained no fixed air, and was of the. 
ftandard of 0.8. 

The inflammable air that is made from £tber> by 
tranfmitting the vapour of it through a red hot 
earthen tube, very much refembles that which is got 
from fpirit of wine. The two meafures were reduced 
by the explofion to 1.36, and by wafhing in water to 
1.2; fo that o. 16 of a meafure of fixed air had been 
generated, and the refiduum was of the ftandard of 1.9. 

In flam- 
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Inflammable air procured by tranfmitting fleam 
over red hot charcoal of metals, in the fame manner 
as it is goc from other charcoal, produces a confix 
derable quantity of fixed air. For when the expe¬ 
riment was made with this air, the firft dimnnition 
was to 1.12, and die fecond to 0.8 ; fo that 0.32 of 
a meafure of fixed air was generated, and the 
ftandard of the refiduum was 1.9. This analyfis 
was of the firft portion that came in the procefs. 
The fecond was fbmcthing different. For with 
this, die firft dimunition was to 1.0, and the fecond 
to 0.7 y, the refiduum being the fame as before, viz. 
*/9- Thirty ounce meafures of this air weighed 
eight grai ns Lefs than an equal bulk of common air. 

Analrang the inflammable air from coak, or the- 
charcoal of prteoat produced by fteam, the firft 
diminution was to VAj, and the fecond to 0.95; fo 
that one fifth of its bulk of fixed air was generated. 
The ftandard of the refiduum was 1.9. But I muft 
obfervr, that the dephtbgifticared air with which 
this experiment was made, was fo impure as hardly 
to deferve the name. For two meafures of nitrous 
air and one of this, occupied the fpace of two 
meafures. But this circumftance may not affe<ft 
the quantity of fixed air generated in the procefs. 
Thirty ounce meafures of this air weighed ten 
grains lefs than an equal bulk of common air. 

Analyzing the inflammable air that was produced ' 
ia the fame manner from Jpirit of turpentine , the firft 

diminu- 
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diminution was to 1.7, and the fecond to 1.65 fo 
that only one tenth of fixed air was produced. The 
refiduum was of the ftandard of 1.9. Thirty ounce 
meafures of this air weighed eight grains lefs than an 
equal bulk, of common air. 

When the vapour of fpirit of wine was made to 
pafs over melted metals, inflammable air was pro- 
duced from it juft as if no metals had been concerned; 
but when I examined the air that was procured in 
this manner, it did not appear to be quite the fame 
with that which came from pure fpirit of wine. 
Analyzing the air that was produced in a procefs 
with copper , the firft diminution was to 1.7, the 
fecond to, 1.56, and the ftandard of the refiduum 
was 1.78. Thirty ounce meafures of this air 
weighed feven grains lefs than an equal bulk of 
common air. 

In another procefs with inflammable air, pro¬ 
cured in this manner, the firft diminution was to 
i.55> f^ond to 1.48, and the refiduum was 
of the ftandard of 1.86. Thirty ounce meafures 
of this air weighed eight grains and a half lefs than 
an equal bulk of common air. This air, it is ob- 
fcrvable, produced much lefs fixed air than the- 
other, and it was alfo fpecificaily lighter than it. 

When this procefs was made with the air pro¬ 
cured by tranfmitting vapour of fpirit of wine over 
melted ftlvcr , the firft diminution was to 1.9, the 

fecond 
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Second to 1.78, and the ftandard of the refiduum 
was 1.9. Thirty ounce meafures of this air weighed 
eight grains lefs than an equal bulk of common 
air. 

In the analyfis of the air procured by this procefs 
from lead , the firft diminution was to 1.78, the fe- 
cond to 1.6, and the ftandard of the refiduum was 

1.78. 

I examined, at the fame time, inflammable air 
procured from bones ^ and alfo from charcoal , viz. 
by tranfmitting fteam over them when they were 
red hot in earthen tubes, after all air had been pre- 
vioufly expelled from them by heat. With the 
former, the firft: diminution was to 0.67, and the 
fecond to 0.58 * fo that the fixed air produced was 
extremely inconfiderable, viz. only 0.09 of an 
ounce meafure. The ftandard of the refiduum 
was 1.47. In the experiment with the air from 
charcoal , the firft diminution was to 1.5, and the 
fecond to 0.74; fo that the fixed air was 0.7 6, 
and the ftandard of the refiduum was 1.7. From 
this experiment it may be inferred, as mentioned 
before, that inflammable air from bones , is a kind 
of medium between that from metals , and that from 
charcoal. In another procefs with air from char¬ 
coal, the firft diminution was to 0.82, and the 
fecond to 0.63, and the ftandard of the refiduum 
was 1.37. 
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,1 made the following experiment to afcertain 
how much phlogifton is contained in inflammable 
air from charcoal. In five ounce meafures of this 
kind of air, I revived lead from mafiicot till it 
was reduced to three fourths of an ounce meafure, 
when the lead revived weighed ten grains, and 
there remained one ounce meafure of fixed air. 
Put the minium itfelf yielded a little fixed air. 

It is obfervable, that when wood is heated in 
an earthen retort, die firft air that comes over is 
confiderably different from that which comes in 
the middle, or at the end of the procefs. Indeed 
the properties of it are continually changing during 
the whole procefs. The firft portion burns with 
a lambent white flame, like that from burning 
wood in an open fire $ afterwards the flame is blue, 
and towards the end of the procefs it is confiderably 
explofiye, aliinoft like air from iron. Alio the air 
that comes over firft. js very turbid, owing per¬ 
haps, to oily, and other matters, that are rendered 
volatile by heat. 

Haying procured air from diy beech wood, I 
examined in the method de%ibed above, the firft 
portion of it, and alio one of the middle ones. 
I he former I found to contain four tenths and a 
half of its bulk of uncombined fixed air, the lecond 
portion only two tenths. Afterwards it is well 
!• Y known 


Part III 


J20. •6b$erv'ati6ws Otf 

known that air procured in this manner ceafes- to 
have anv uncombined fixed air in it. 

When I examined the firft portion of air, srfMP 
thp uncombined fixed air had been fep&raited 
it, the firft diminution was to 1.36, and the fecond 
to 0.9; fo that 0.46 of a meafure of fixed air was 
generated, and the ftandard of the refiduum was 
£.9. When the fecond portion was examined, 
after the uncombined fixed air was likewifc fepa- 
rated from it, the firft diminution was to 1.66, 
and the fecond to 1.46; fo that the fixed air gene- 
rated in the procefs, was 0.2 of a meafure, that 
is, lefs than in the former experiment, and in nearly 
the fame proportion as the uncombined fixed air 
had been. The ftandard of the refiduum in this 
laft cafe was 1.15. At the fame time, repeating 
the experiment with the fame dephlogifticated air 
and inflammable air from iron, the diminution af¬ 
ter the explofion was to 0.55, and the ftandard 
pf the refiduum was 1.48, which is the ufual refult 
of the decompofition of inflammable and dephlo¬ 
gifticated air, when both of them are as pure as 
they are generally procured. 

There was a great quantity of fixed air produced 
by the decompofition of fome inflammable air ex- 
traded from fome rich mould in a gun barrel, 
which Mr. Young was fo obliging as to fend me. 
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It burned with a lambent blue flame, and had a 
peculiarly offenfive fmell, the fame, as he obferves 
to me, that is yielded by air procured from putrid 
vegetables. Of this air one twentieth part is un¬ 
combined fixed air. When this was feparated 
from it, and the remainder decompofed with de- 
phlogifticated air, the firft diminution was to 1.4, 
and the fecond to 0.67 ; fo that there was a gene¬ 
ration of 0.73 of a meafure of fixed air. The 
refiduum was of the ftandard of 0.6. 

The inflammable air that is procured from caji 
iron has a peculiarly offenfive fmell. On this ac¬ 
count I had imagined that it might contain more 
phlogifton than common inflammable air, fo as to - 
abforb more dephlogifticated air than the other. 
But this did not appear to be the fa<St. For when 
I mixed one meafure of each of the kinds of in¬ 
flammable air with four meafures of common air, 
the diminution after the explofion, was the very 
fame with both, viz. to 1.56. 

Though I think it to be unqueftionable, from 
the preceding experiments, that part at leaft of the 
fixed air which is found on the decompofition of 
lam befit inflammable air is generated in the procefs ; 
yet, in another experiment that I made, it fliould 
feem that fixed air, or the elements, as we may 
fay, of fixed air, may enter into the compofition 
Y 2 of 
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of inflammable air, and actually remain there, with¬ 
out being difcoverable by lime water. 

I took a quantity of Jlaked lime , which had been 
long kept clofe corked in a bottle, and found that 
when it was heated in an earthen retort, it gave 
air, of which one fifth was for the molt part fixed 
air j but in the gun barrel the fame lime yielded 
no fixed air at all^ but a great quantity of pure in¬ 
flammable air, of the exploflve kind, like that 
which is get from iron alone with water. T hat 
the water in flaked lime will enable the iron of 
the gun barrel to yield inflammable air cannot be 
queitioned, but then what became of the fixed 
air which the fame lime would have yielded in an 
earthen retort ? • ■ ■ 

This experiment appearing rather extraordinary, 
I repeated it with all the attention I could give to 
ir, and had the following refult. I heated three 
ounces of flacked lime (but which had been fome 
time expoled to the open air) in an earthen tube, 
and got from it fourteen ounce measures of air, 
of which only two meafures and a half remained 
unabforbed by water, all the reft being fixed air. 
This refiduum was (lightly inflammable, but not 
perfectly phlogifticated. For, examining it with 
the teft of nitrous air, the ftandard of it was 1.6. 
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Immediately after this I heated another three 
ounces of the fame flaked lime in a gun barrel, 
and got from it about twenty ounce meafures of 
air, of which no part was fixed air, but all inflam¬ 
mable. I expected, however, to have found fixed 
air on the decompofition of this inflammable air 
v/ith dephlogilticated air; but after this procefs it 
appeared to be exactly fuch inflammable air as is 
procured from metals by the mineral acids, or 
rather by fteam. For the diminution of the two 
kinds of air was the fame, and though there was 
fome appearance of fixed air in the refiduum, it 
was not fo much as is found after the decompofi¬ 
tion of the inflammable air that is procured by 
means of fpirit of fait. In this cafe, therefore, 
there are no lefs than eleven ounce meafures and a half 
of fixed air abfolutely unaccounted for, unlefs it 
be fuppofed that it was refolved into its condiment 
principles, phlogifton or dephlogifticaied air, and 
that the latter was decompofed as it was produced. 
This, therefore, I think muft have been the cafe. 

Thinking that the two kinds of air might incor¬ 
porate when one of them was generated within the 
other, I filled a gun barrel previoufly full of mer¬ 
cury with fixed air, and put the clofed part of it 
into a hot fire. Inflammable air was accordingly 
produced, but when the fixed air was feparated 
Y 3 from 
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from it, it exploded juft like inflammable air from 
iron only. 

I made an experiment fomething flmilar to this, 
by ^heating iron turnings in five ounce meafures of 
fixed air, when the quantity of it was increafed 
about one ounce meafure, and there remained one 
ounce meafure and three fourths unabforbed by 
water. This was inflammable, and burned with 
a lambent blue flame, not like inflammable air 
from iron. It fhould feem, therefore, that in this 
experiment, three fourths of an ounce meafure of 
inflammable air had been formed by the union of 
the fixed air with the phlogifton from the iron. 
This experiment I repeated with the lame refult, 
and I farther obferved, that though the inflamma¬ 
ble air procured in this manner did not appear, by 
the teft of lime water, to contain any fixed air, 
yet when it was decompofed, by being fired toge¬ 
ther with an equal quantity of dephlogifticated air, 
fixed air was found in the refiduum. For the firft 
diminution was to 1.45, and one third of this re¬ 
fiduum was fixed air. From this fatt it ftiould 
feem that, though in fome cafes, fixed air muft be 
generated by the decompofition of inflammable and 
dephlogifticated air, yet that inflammble air, when 
thus produced in contad with fixed air, may com¬ 
bine with it, fo as to be properly contained in it. 
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and in fuch a manner, as that it cannot be difcover- 
ed by lime water. 

X alfo obferved, after Mr. Metherie, that though 
no fixed atr be found on the decompofition of de- 
phlogifticated air with inflammable air procured 
by ineans of oil_of vitriol, a fmall quantity is pro¬ 
duced when the inflammable air procured by means 
of fpirit of fait. I did not find, however, more 
than a fortieth part of the refiduum to be fixed 
air, when I decompofed equal, quantities of the 
two kinds of air. 
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BOOK III. 

EXPERIMENTS AND OBSERVATIONS RE " 1 
LATING TO NITROUS AIR. 


PART I. 

OF THE SOURCE OF NITROUS AIK. 


SECTION I. 

Of nitrous Air from Metals . 

E VER fmce I firfl read Dr. Hales’s moft excellent 
Statical EJfays , I was particularly ftruck with 
that experiment of his, of which an account is given^ 
Vol. I. p. 224, and Vol. II. p. 280, in which 
common air, and air generated from the Walton 
pyrites, by fpirit of nitre, made a turbid red mix¬ 
ture, and in which part of the common air was ab- 
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forbed ; but I never expected to have the fatisfac- 
tion of feeing this remarkable appearance, fuppofing 
it to be peculiar to that particular mineral. Hap¬ 
pening to mention this fubjedl to the Hon. Mr. Ca- 
vendifli, when I was in London, in the fpring of 
the year 1772, he faid that he did not imagine but 
that other kinds of pyrites, or the metals, might 
anfwer as well, and that probably the red appear¬ 
ance of the mixture depended upon the fpirit of 
nitre only. This encouraged me to attend to the 
fubjedtj and having no pyrites, I began with the 
folution of the different metals in fpirit of nitre, and 
catching the air which was generated in the folution, 
I prefently found what I wanted, and a good deal 
more. 

Beginning with the folution of brafs, on the 4th 
of June 1772, I firft found this remarkable fpecies 
of air, only one effedt of which was cafually obferved 
by Dr. Hales j and he gave fo little attention to it, 
and it has been fo much unnoticed fince his time, 
that, as far as I know, no name has been given to 
it. I therefore found myfelf, contrary to my firft 
refolution, under an abfolute neceffity of giving a 
name to this kind of air myfelf. When I firft be¬ 
gan to fpeak and write of it to my friends, I hap¬ 
pened to diftinguifh it by the name of nitrous air , 
becaufe 1 had procured it by means of fpirit of nitre 
only. 


I have 
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I have found that this kind of air is readily pro¬ 
cured from iron, copper, brafs, tin, filver, quick- 
filver, bifmuth, and nickel, by the nitrous acid only* 
and from goid and the regulus of antimony by 
aqua regia . The eircumftances attending the folu- 
tion of each of thefe metals are various, but hardly 
worth mentioning, in treating of the properties of 
the air \yhich they yield j which, from what metal 
foever it is extracted, has, as far as I have been able 
to cbforve, the very fame properties. 

Nrtrous air is procured from all the proper me- 
tais by fpirit of nitre, except lead, and from all the 
femi-metals that I have tried, except zinc. For 
this purpofe 1 have ufed bifmuth and nickel, with 
fpirit of nitre only, and regulus of antimony and 
platina, with aqua regia * 

I did not endeavour to afcertain the exa£t quan¬ 
tity of nitrous air produced from given quantities of 
all the metals which yield it; but the few obferva- 
tions which I firft made for this purpofe 1 ihall recite 
in this place : 
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Having, at another time, diflolved filver, copper, 
and iron, in equal quantities of fpirit of nitre diluted 
with water, the quantities of nitrous air produced 
from them were in the following proportion ; from 
iron 8 , from copper 6 *, from filver 6 . In about 
the fame proportion alfo it was necefiary to mix wa¬ 
ter with the fpirit of nitre in each cafe, in order to 
niake it dilTolve thefe metals with equal rapidity, 
filver requiring the lead water, and iron the mod. 

That iron contains more phlogidon than copper, 
is probable from the much greater quantity of nitrous 
air that it yields. At one time I found that two 
penny-weights of iron difiolved in fpirit of nitre, 
diluted with rain-water, yielded forty five ounce 
meafures of nitrous air, when the fame quantity of 
pure copper, treated in the fame manner, yielded 
only fixteen ounce meafures. 

I have obferved that I got little or no air by dif- 
folving lead in fpirit of nitre. I afterwards, how¬ 
ever, made another attempt of this kind, and with 
a little better fuccefs. I poured fmoking fpirit of 
nitre into a phial with a ground-dopper and tube, 
containing one ounce nrjeafure and a half, filled with 
fmall leaden (hot, fo as to leave no tommon air at 
all, either in the phial or in the tube s and I placed it fo 
as to receive the air that might come from it in water, 
After waiting an hour, in which little or no air 
was produced, I applied the flame ojf a candle, 
i though 
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though not very near to it, and in thefe circum- 
ftances I got about an ounce meafure of air ; but 
upon fome water nifhing into the phial, while the 
, candle was withdrawn, air was produced very plen¬ 
tifully. I colle&ed, in all, about a quarter of a 
pint, and might probably have got much more; 
but that the fait formed by the folution of the lead 
had fo nearly clofed up the tube, that I thought pro¬ 
per to difcontinue the procefs. The air, both of 
the firft and of the laft produce, was of the fame 
quality, and fo far nitrous, that two meafures of 
common air, and one of this, occupied the fpace of 
two meafures only; excepting that the very firft and 
very laft produce, mixed with common air, took up 
a little more room than that which I got in the mid¬ 
dle of the procels. When the air was produced 
very faft, it was exceedingly turbid, as if it had been 
filled with a white powder. 

I have generally found it moft convenient to get 
nitrous air from copper , on account of the pretty 
equable folution of that metal in the nitrous acid. 
If iron be made ufe of, the procels is much more 
difficult, the increafe of heat, and other circum- 
ftances, making a very great difference in the ra¬ 
pidity of the folution; fo that very often, when the 
effervefcence is very moderate at the beginning, it 
will be fo violent after a ftiort time, that the greateft 
part of the acid will be thrown out of the phial, 

and 
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and confequently the effed of it will be loft. This 
difficulty, however, only attends the pouring of a 
diluted fpirit of nitre upon a quantity of nails, or 
other fmall pieces of ironj in order to effed a com¬ 
plete faturation of the acid that is made ufe of at one 
time, which I have found to be the moft convenient 
upon the whole. If thicker pieces of iron be put 
to the acid, by which means the quantity of fur- 
face expofed to its adion is not confiderable, the 
produce of air may be made pretty regular j but 
1 have not, upon the whole, found this method fo 
convenient as the other. 

Having fometimes, however, procured nitrous 
air from iron by this procefs, I have noted fome cir- 
cumftances attending this folution, which, becaufe 
they are a little remarkable, I fhall here recite. 
When I put a thick piece of iron into a quantity of 
very ftrong fpirit of nitre, it was not at all affeded 
by it: but by the application of a boiling heat it 
yielded nitrous air, about ten times the bulk of the 
acid. When a quantity of water was poured upon 
the fpirit of nitre and iron, it became of a beautiful 
green or blue colour, add- no motion was perceived 
in it for about a minute, when it burft out all at once 
into the moft violent effervefcence imaginable, and 
a prodigious quantity of nitrous air was inftantly 
produced. It will be evident from fubfequent ex¬ 
periments, that a certain proportion of water is ne- 
4 ceffary 
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cefliary to the confutation of nitrous air, and there¬ 
fore the diluted acid is more proper for this purpofe. 

Mr. Delaval was fo obliging as to inform me that 
all aftringent vegetables, as galls, the Peruvian bark, 
’ and green tea, diffolve with peculiar rapidity in the 
nitrous acid, in a manner not unlike die folution of 
leveral of the metals in the fame acidj and that a 
great quantity of air is generated in the procefs. I 
immediately made the experiment with galls, and 
was really furprized at the effect. The folution 
was, indeed, aftonifhingly rapid j but the quantity 
of air produced by it was not, feemingly, greater 
than would have been yielded by the fame bulk of 
any other vegetable fubftance, diffolved in the fame 
add, with more heat. T he air was alfo of the lame 
quality with that which is yielded by moft vegetable 
Jubilances. In this cafe, more than half of it; 
was fixed air, making lime water turbid, and 
the refiduum was fo far nitrous, that two mea- 
fures of common air and one of this, occupied the 
fpace of two meafures and a half. 
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SECTION it 

Of nitrous Air from Vapour of Spirit of Nitre and 
Water. 

I WAS no fooner in pofleflion of nitrous vapour, 
than I faw opened to me an entire new field 
for experiments, by means of a rapid folution of 
bifmuth in fpirit of nitre, of which a fuller account 
will be given under the article of nitrous acid. 

Three methods prefently occurred to me of ap¬ 
plying this nitrous vapour, in order to form com¬ 
binations with other fubftances, by which means 
only its proper nature, and peculiar powers, could 
be difcovered. One was, to put the fubftance into 
a clean phial, and then to throw a ftream of the va¬ 
pour upon it. Another was, firft to fill the phial 
with the vapour, by which method the quantity of it 
might be, in fome meafure, afcertained, and then 
to introduce the fubftance to it at the mouth of the 
phial. Laftly, if the fubftance was fluid, I could 
plunge the tube, through which the vapour was 
tranfmitted, as deep as I pleafed into it, and there¬ 
by diffufe. the vapour through the whole body of it. 
The fecond of thefe methods was the firft I had 

recourfe 
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recourfe to, though foon afterwards I applied the 
firft, and not long after that the third. And as I 
could not well produce this acid vapour at all with¬ 
out generating enough to fill a great number of 
'phials, I generally placed fix, eight, or ten of them 
in a row, filling them with the vapour one after 
another, and fometimes fupplying them all feveral 
times in the courfe of one procefs. 

The firft experiment that I made with water, 
was to pour a fmall quantity of it into a phial filled 
with this vapour; when, fhaking it about, it be¬ 
came, as would eafily be fuppofed, genuine fpirit 
of nitre; but it was weak and colourlefs. 

After this, I threw a ftream of the vapour upon 
a fmall quantity of diftilled water, in a large phial, 
fhaking it now and then, to promote the abforption 
of the vapour; when I obferved that the water 
prefently became warm, then began to fparkle 
very much, air ifliiing from all parts of it very 
copiouffy; and after this it aflumed a light blue 
colour; in which ftage of the procefs, it was, I 
doubt not, the very fame thing that Mr. Woulfe 
had found by impregnating water with the fuper- 
abundant nitrous vapour, in his method of dril¬ 
ling fpirit of nitre. But, whereas he fays his blue 
liquor continued blue, I found that mine prefently 
loft its colour on being expofed to the open air, 
•emitting a copious red furae. 
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Finding that, in this manner of impregnating 
water, I foon gained the point of faturation, by as 
much of the vapour efcaping as I could readily 
throw into it, I contrived to impregnate the water 
more effectually, in the following manner. I got a 
veflel, b , fig. 2, PI. V. in the form of a phial with 
a ground ftopper, and two holes in the bottom ; 
which, however, was to be placed uppermoft when 
it was ufed. To one of thefe holes was fitted, by 
grinding, a glafs fyphon, one end of which was fitted 
in the fame manner to the long phial in which the 
folution of the metal for the production of the va¬ 
pour was made, while the other end of it went to 
the bottom of the veflel above mentioned, and 
which contained the water; fo that whatever va¬ 
pour was brought into the veflel by it, muft necef- 
farily pafs through the whole body of the water ; 
and to the other hole in this veflel there was fitted, 
by grinding alfo, the end of a bent tube, which con¬ 
veyed the fuperfluous air, or vapour, into a com¬ 
mon recipient. But fometimes I had feveral of 
thefe veflels connected together, as reprefented, 
fig* 3 t that the air and vapour difcharged 
from the firft of them 'muft neceflarily pafs 
through the water in the next, and that which was 
difcharged in this muft pafs through the water in 
the following, &c. 
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Making the experiment in this more accurate 
manner, fo that the water had an opportunity of 
becoming thoroughly impregnated, I made the fol- 
lowing obfervations. The water, after becoming 
warm, began, as before, to fparkle, and emit air ; 
after which it became blue, ftill continuing to give 
air in much greater plenty than before. After this, 
the water became green , about which time the emif- 
fion of air ceafed j and laftly, after the green colour 
had deepened very much, fo as to appear almoft 
black, when viewed in the lame direction with the 
light that fell upon it, a yellowijh tinge was perceived 
to be diffufed through the green colour ; and this 
was the laft ftate to which I could bring the water 
by this impregnation. 

I alfo oblerved that, about the time that the wa¬ 
ter in the firft of thefe velfels became blue, that in 
the next began to fparkle; and when the water in 
the firft turned green, which was probably effected 
in no other way than by the mixture of the yellow 
(which diftinCtly appeared afterwards) with die 
preceding blue, the water in the next vefiel be¬ 
came blue, and that in the following to fparkle, 
&c. 

One of the moft extraordinary circumftances in 
this whole procels, is the production of air from 
the water in the two firft. ftages of it, viz. while ic 
is tranlparent, and while • it is blue, before it be¬ 
comes 
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comes green. At firft I concluded that this was 
phlogifticated air ; this kind of air having been the 
produce of a fimilar procefs for the impregnation of 
oil with the nitrous vapour. But having filled a 
phial with this water, at the time that it was dif- 
charging air moft copioufiy, and having placed it 
inverted in a bafon of the fame, I prefently got a 
confiderable quantity of it, and found it to be all 
pure nitrous air, pofiefled of the peculiar proper¬ 
ties of that kind of air in as great a degree as any 
whatever, and that it contained no portion of fixed 
air. 

The quantity of nitrous air produced in this man¬ 
ner is very extraordinary. When I filled a phial 
with the water in the ftate of emitting air, and in¬ 
verted it in a bafon of water, it prefently almoft filled 
it, expelling the water. But when I filled a phial 
with a ground ftopper and tube with the water, and 
caught all the air that came from it, with and with¬ 
out heat, I got at one time more than ten times the 
bulk of the water, all pure nitrous air. 

This will appear the more extraordinary, if it be 
confidered, that water cannot be made to imbibe 
more than about one tenth of its bulk of nitrous air. 
The produftion of it in this cafe, therefore, is quite 
another thing , and muft have a different caufe j 
thoughj had the quantity of it been fmall, it might 
Z 2 have 
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have been imagined, that the nitrous air from the 
bifmuth having impregnated the water, as, in fome 
degree, it neceffarily muft, this nitrous air might 
have come from that folution. 

So great is this difcharge of nitrous air, that if 
the impregnated water be left to itfelf, it will con¬ 
tinue to emit air for a day or two j fo that it is not 
improbable, but that it may, from firft to laft, yield 
fifteen or twenty times its bulk. On this account, 
if this water be confined in thin phials, it will endan¬ 
ger the breaking of them ; and the ground ftoppers 
of ftrong phials have often been thrown out by it 
with great violence. 
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SECTION III. 

Of the increafed Produce of nitrous Air by previoujly 
converting the Acid into Vapour. 

H AVING obferved the remarkable produ&ion 
of nitrous air from water impregnated with 
nitrous vapour, in the following experiment I more 
accurately compared the quantity of nitrous air pro¬ 
duced by pouring the impregnated water upon cop¬ 
per, with the quantity produced by an equal quantity 
of fpirit of nitre and copper, without impregnating 
water with the vapour that the acid would have 
yielded. 

Having diflolved a quantity of bifmuth in a given 
quantity of fpirit of nitre, and having made the 
vapour which was raifed by the folutionj>afs through 
a quantity of water, I poured this water on fome 
clippings of copper, in a phial with aground Hop¬ 
per and tube, and found that it yielded one fixteenth 
more nitrous air than the fame quantity of nitrous 
acid diluted with water, and applied to the copper 
in the fame manner, would yield; the heat of a 
candle being applied in both thefe cafes till no more 
air could be procured. No allowance alfo was 
Z 3 made 
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made for a confiderable quantity of red vapour which 
was loft in decanting the water, or for that which 
remained in the large phial in which the folution 
as made, or for the acid that was united with the 
bifmuth in the folution. The air yielded by the 
impregnated water and copper was thirteen ounce 
meafures, and the folution of the bifmuth ufed in 
this experiment being diluted with water, and then 
poured upon the copper, yielded fix ounce meafures 
and a half, which alone is more than half as much 
as the original quantity of the acid yielded. Upon 
the whole, therefore, fpirit of nitre, ufed in this 
manner, may be made to yield, by means of copper, 
one half more nitrous air than can be procured by it 
when applied in the ufual way. 

For my greater fatisfafHon, I alfo repeated an 
experiment fimilar to the former, with water im¬ 
pregnated with nitrous vapour, in the procefs for 
making dephlogifticated air from fpirit of nitre and 
red lead, and the refult was as follows. Having 
put fix penny weights of ftrong fpirit of nitre upon 
a quantity of red lead, and heating the mixture in 
a gun barrel, I made all the air, together with the 
redundant acid, pafs through a quantity of water; 
and found that the water, poured upon copper, would 
have yielded fourteen ounce meafures of nitrous air, 
(a part of the water having produced nitrous air in , 
that proportion to the whole) but the fame quantity 
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of the acid, even with the affiftance of heat, yielded 
only about eleven ounce meafures and a half. 

I alfo mixed with three ounces of red lead as much 
fpirit of nitre as occupied the fpace of eight penny¬ 
weights of water, when the produce was forty 
ounce meafures of air, of which about five ounce 
meafures was fixed air. The water through which 
it had paffed in the velfel No. a, PI. V. after 
•making all proper allowances, and ufing a variety 
of precautions in applying it to the copper, too 
minute to be mentioned here, I judged to produce 
in all twenty four ounce meafures of nitrous air, 
which 1 found to be clearly more than die original 
quantity of this acid would have yielded. 

The above-mentioned experiments were made 
before I had much fufpicion of the great difference 
in the produce of nitrous air occafioned by the ap¬ 
plication of heat , which is fometimes very con- 
fiderable, and by no means in the fame proportion 
in all cafes; fome kinds of the acid yielding al- 
moft the whole produce without external heat, 
and other kinds hardly more dian one half. I 
therefore thought it neceffary to go over this pro- 
cefs once more with a view to this circumftance, 
and the refult was ftill the fame as before, the 
water through which the generated air had paffed 
producing more nitrous air than the whole quan- 
Z 4 tity 
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tity of the acid employed in the experiment would 
have done. 

The quantity of acid which I ufed at this time 
occupied the ipace of four pennyweights of water, 
and when applied to copper I could not, with any 
application of heat, make it yield more than twelve 
ounce meafures and a half. But when the fame 
quantity of this acid had been mixed with red lead, 
which was afterwards put into a gun. barrel, and had 
been made to yield all the air that could be extract¬ 
ed from it, one feventh part of the water through 
which the air had pafled produced two ounce mea¬ 
fures of nitrous air; fo that the whole quantity 
would have been fourteen ounce meafures j and 
this was after the water had been decanted firft 
from the veflel reprefented fig. 2, into another 
phial, and fome time afterwards, from that into the 
fmall phial containing the copper. And it Ihould 
be confidered, that after this procefs (if it be con¬ 
tinued till the water begin to emit air, a circum- 
ftance of which an account will be given hereafter) 
it is fo exceedingly volatile, that it is not pofiible 
to pour the water from one veffel to another with¬ 
out the difcharge of very copious red fumes, in 
which a good deal of the acid muft be loft. There 
muft alfo be fome lofs of that nitrous air which is 
emitted by the water itfelf; and I doubt not that 
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the increafe in the produce of nitrous air in thefe 
experiments is from this fource, viz. that which 
is fupplied from the water, in confequence of the 
impregnation with nitrous vapour. Whereas when 
the acid is much dephlogifticated, a great part of 
it becomes combined with the menftruum, and 
therefore has no effedt in producing nitrous air. 

I hardly remember any thing, in the whole 
courfe of my experimenting, that appeared more 
extraordinary than this. It Teemed as if there 
was an increafe, inftead of any lofs of acid, after 
part of it muft have been employed in forming 
the air, and part alfo had been neceffarily k)ft- in 
the courfe of the experiment. 

I confulted feveral of my chemical friends upon 
this fubjedl; but they were all of them as much 
at a lofs to account for the fa£t as myfelf. 

That the giving of nitrous air depends upon 
phlogifton, is evident from the phenomena which 
attend the folution of iron in phlogifticated and 
dephlogifticated acids. Pouring a fmall quantity 
of phlogifticated nitrous acid into a large quantity 
of water, which had iron wire in it, it prefently be¬ 
came of a dark colour; but this was foon preci¬ 
pitated, and the folution aflumed a lighter colour. 
I then poured off the folution, which was of a flight 
brown colour, and pouring into it more phlogifti¬ 
cated 
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cated nitrous acid, it immediately became of a very 
dark colour, and emitted air copioufiy. 

On examination it appeared to be ftrong nitrous 
air. After the emiflion of this air, the dark colour 
difappeared. Thefe phenomena, therefore, exactly 
relembled thofe of a folution of green vitriol, which 
affumes a dark colour by imbibing nitrous air, 
and becomes clear again by the expulfion of it. 
The dark green fpirit of nitre had the fame effect 
as the brown phlogiflicated acid, but the dephlo- 
gifticated nitrous acid had no fuch effect. 

It is eafy to make a pretty ftrong folution of 
iron in dephlogifticated nitrous acid that fhall be 
green and give no air, if it be kept very cold 
during the procefs. But if phlogiflicated nitrous 
acid be poured into the folution, it prefently be¬ 
comes very black, and emits air. This blacknefs 
will fometimes, if the nitrous acid be very volatile, 
go off almoft immediately; but in all cafes it will 
do fo in time , and leave the liquor like water, or 
with a flight tinge of yellow; owing probably to 
part of the ochre having imbibed pure air, and 
thereby tending to become red. 

Nitrous air alfo admitted to a green folution of 
iron in nitrous acid immediately turns it black, 
juft as it does a folution of green vitriol. 
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Phlogifticated nitrous acid dropped into a folu- 
tion of green vitriol alfo makes it black. The 
green folution of iron in fpirit of nitre, yields very 
little air by heat, and this is not nitrous air. When 
charcoal was put into it, and heated, it alfo gave 
little or no air. 


SECTION IV. 

Of the Production of nitrous Air by Means of pblo- 
gijticated nitrous Acid . 

T HE only method that I have ufed to meafure 
the ftrength of different kinds of nitrous acid, 
has been to find the quantity of nitrous air that 
a given quantity of the acid would yield, when 
diluted with equal quantities of water, from the 
fame quantity of copper. It is neceffary that thefe 
circumftances be pretty rigoroufly attended to ; for 
otherwife confiderable miftakes will be made. For 
in different circumftances the produce of air from 
equal quantities of the fame acid will be confider- 
ably different. I (hall here fubjoin a few of my 
obfervations of this kind, that the reader may be 
apprized of them, and alfo of the importance of 
attending to other differences of a fimilar nature. 

In 
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In a fmall phial, and with a brifk effervefcence, 
the quantity of four penny-weights of water of a 
ftrong fpirit of nitre produced fixteen ounce mea- 
fures of nitrous air; whereas, in a large phial, 
diluted with more water, and confequently with a 
lefs effervefcence, the fame quantity of the fame 
acid yielded only fourteen ounce meafures of air. 
Alfo the quantity of copper (which was fuch cut¬ 
tings as the braziers commonly make) in the fmall 
phial was about half as much as that in the large 
one. With the fame quantity of fpirit of nitre in 
the large phial, and with the application of the 
heat of a candle, I got fifteen ounce meafures of 
air. At another time the fame quantity of the 
acid without heat has not yielded much more than 


twelve ounce meafures. 

I have frequently obferved that, unlefs the quan¬ 
tity of acid was fufficient to produce a brijk effer¬ 
vefcence, the produce of air has been greatly de¬ 
ficient, the brifknefs of the effervefcence occafioning 
a confiderable beat, which is always favourable to 
the folution of metals. But the application of equal 
degrees of heat will not make the produce of air 
equal, unlefs other circumftances be attended to. 
Whenever I have compared the ftrength of acids 
in this manner I have fcrupuloufiy attended, as far 


as I could, to all thefe circumftances. 
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Having procured nitrous acid in the feveral 
dates above-mentioned, viz. the original pale co¬ 
loured acid, that out of which the colour had been 
expelled by heat, that which had been diftilled 
again from, frefh nitre, and that which had been 
phlogifticated by heat in clofe veflels, I tried the 
ftrength of them all by the folution of copper, 
meafuring the quantity of nitrous air that equal 
bulks of them (all other circumftances being the 
fame) produced, and obferved that a quantity of 
each occupying the fpace of two pennyweights 

eighteen grains of water yielded as follows, viz. 

Ounce Meafures. 

The original pale coloured acid, 14 

The colourlefs, - - - 11 

That rediftilled from nitre, 11 

That coloured by heat, - - 11 

This highly phlogifticated acid hified very much 
when mixed with water. The produce of air was 
more or lels accelerated during the courfe of the 
folution in all of them, but moft of all when I 
ufed the pale coloured acid. I muft obferve that, 
in making this colourlefs acid, I ufed more heat 
than was necelfary, and therefore weakened it too 
much, though it is certainly impoftible to expel 
the colouring phlogifton without expelling, at the 
fame time, the acid to which it is attached. It is 
fomething remarkable, that the phlogifton, in this 

par- 
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particular ftate , IHould attach itfeif wholly to one 
part of the acid only, though mixed with the reft 
of the acid, combined alio with phlogifton, but in 
a different ftate. Thefe experiments, however, 
flifficiently demonftrate this to be the • cafe. 

It is fomething remarkable, that though a great 
quantity of nitrous air is produced by the folution 
of copper in a diluted nitrous acid, no air at all is 
procured by a foludon of the fame metal in the 
ftrong acid. There is not even any appearance 
of air being formed, and afterwards abforbed by 
the acid, as in the fimilar foludon of mercury. 

Having faturated a quantity of ftrong ipirit of 
nitre with copper, of which it dillblves but a fmall 
quantity, I diftilled it in a green glafs retort. The 
firft part of the acid that came over was orange 
coloured, from being of a deep green; but the 
laft was quite tranlparent and weak. No air, that 
I could perceive, was produced, but a tubulated 
receiver being made ufe of, a fmall quantity could 
not be difcovered. There was not water enough 
to form nitrous air. 
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SECTION V. 

Of Air from Gunpowder . 

B EING defirous of knowing what kind of air 
was produced by the explofion of gunpowder, 
I, for that purpofe, mixed equal quantities of ful- 
phur and falt-petre, both finely pounded, and put 
them into a tall glafs vefiel. The production of air 
was very rapid and copious, and fo highly nitrous, 
that two meaiures of common air, and one of this, 
occupied the fpace of two meafures and a quarter. 
Since the produce of air from fpirit of nitre and char¬ 
coal is the very fame with this, viz. nitrous air, it 
cannot be doubted but that nitrous air is alfo pro¬ 
duced in the explofion of gunpowder, which is 
compofed of thofe ingredients i the fpirit of nitre 
not being deftroyed, or fo far decompofed as that 
its acid nature is loft, but only entering into the com- 
pofition of this fpecies of air. 

Having got nitrous air from a mixture of falt- 
petre and fulphur, and alfo from fpirit of nitre 
and charcoal, 1 concluded that nitrous air muft be 
produced in the firing of gunpowder; and it fa¬ 
vours this fuppofition, that when I fired gunpowder 
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in common air, the air was in part phlogifticated by 
it. It is pofTible, however, that when the heat is 
applied very fuddenly, the proper earth of the char¬ 
coal, and alfo that of the nitre itfelf may, in part, 

' unite with the nitrous acid, and thereby compofe a 
better kind of air than was produced in thofe expe¬ 
riments, in which the procefs was flow, fo that the 
fpirit of nitre had an opportunity of faturating itfelf 
with the pblogijion of the fubftances mixed with it, 
without touching the pure earth, and therefore the 
produce was nitrous air only. 

I have been led to entertain this fufpicion in con- 
fequence of being invited by Mr. Woulfe to examine 
the air that is produced in making clyjfus of nitre , 
both with fulphur and with charcoal; when, in 
both the cafes, I own, the air that was produced ap¬ 
peared to be confiderably better than, from the ma¬ 
terials, and the manner of making the experiments, 
I Ihould have imagined it could have been. There 
was, indeed, a confiderable quantity of common air 
in every riling belonging to the apparatus, which 
was not conftruCted with any view to the produce 
of air; but the procefs was continued fo long, and 
the quantity of air produced was fo great, that I 
do not, in my own mind, make much allowance 
for that circumftance. 

It appeared that the air produced from the clyflus 
made with fulphur , contained one twelfth of fixed 

air. 
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air, making lime water turbid, and the remainder 
was phlogifticated air, neither affedting common 
air, nor being affedted by nitrous air, and extin- 
guifhing a candle. And the air that was produced 
in the procefs with charcoaly contained no more than 
one twentieth of fixed air, and the remainder, though 
it extinguilhed a candle, was fo little phlogifticated, 
that two meafures of it and one of nitrous air occu¬ 
pied the fpace of two meafures and a quarter* 
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PART II. 

©F THE PROPERTIES OF NITROUS AIR, 


SECTION I. 

Of nitrous Air as the Teft of the Purity of refpira - 
ble Air. 

O NE of the ihoft confpicuous properties of 
this kind of air is the great diminution of 
any quantity of common air with which it is mix¬ 
ed, attended with a turbid red, or deep orange 
colour, and a confiderable heat. The fmell of it, 
alfo, is very ftrong, and remarkable, but very much 
refembling that of fmoking lpirit of nitfe. 

The diminution of a mixture of this and common 
air is not an equal diminution of both the kinds, which 
is all that Dr. Hales fuppofed he had obferved, but of 
about one fourth of the common air, and as much 

of 
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of the nitrous air as is neceflary to produce that 
effect; which, as I have found by many trials, is 
about one third as much as the original quantity 
of common air. For if one meafure of nitrous 
air be put to two meafures of common air, in a 
few minutes (by ^hich time the effervefcence will 
be over, and the mixture will have recovered its 
tranfparency) there will want about one ninth of 
the original two meafures j and if both the kinds 
of air be very pure, the diminution • will ftill go 
on flowly,. till in a day or two, there will remain 
only one fifth of the original quantity of common 
air. This farther diminution, by long Handing, 
I had not obferved at the time of my firft publica¬ 
tion on this fubjedt. 

1 hardly know any experiment that is more 
adapted to amaze and furprize than this is, which 
exhibits a quantity of air, which, as it were, devours 
a quantity of another kind of air half as large as 
itfelf, and yet is fo far from gaining any addition 
to .its bulk, that it is confiderably diminifhed by 
it. If, after this full faturation of common air with 
nitrous air, more nitrous air be put to it, it makes 
an addition equal to its own bulk, without pro¬ 
ducing the leaft rednefs, or any other vifible ef¬ 
fect 

• In order to judge whether the water contributed 
to the diminution of this mixture of nitrous and 
A a i 
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common air, I made the whole procefs feveral times 
in quickfilver, ufing one third of nitrous, and two 
thirds of common air, as before. In this cafe the 
rednefs continued a very long time, and the dimi¬ 
nution was not lo great as when the mixture had 
been made in water, there remaining one feventh 
more than the original quantity of common air. 

This mixture ftood all night upon the quick¬ 
filver; and the next morning I obferved that it: 
was no farther diminifhed upon the admiffion ot 
water to it, nor by pouring it feveral times through 
the water, and letting it ftand in water two days. 

Another mixture, which had ftood about fix 
hours on the quirkfilver, was diminifhed a little 
more upon the admifiion of water, but was never 
lefs than the original quantity of common air. In 
another cafe, however, in which the mixture had 
Hood but a very fhort time in quickfilver, the far¬ 
ther diminution, which took place upon the ad- 
mifiion of water, was much more confiderable; fo 
that the diminution, upon the whole, was very 
nearly as great as if the procefs had been intirely 
in water. 

It is evident from thefe experiments, that the 
diminution is in part owing to the abforption by 
the water; but that when the mixture is kept a 
long time, in a fituation. in which there is no 
water to abforb any part of it, it acquires a con- 
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ftitutiorv by which it is afterwards incapable of 
being abforbed by . water, or rather, there is an 
addition to the quantity of air by nitrous air pro- 
xiuced by the folution of the quickfilver. 

It is exceedingly remarkable that this eflervef- 
cence and diminution, occafioned by the mixture 
of nitrous air, is peculiar to common air, or air fit 
far rejpiraticn ; and, as far as I can judge from a 
great number of obfervations, is at leaft very near¬ 
ly, if not exactly, in proportion to its fitnefs for 
this purpofe; fo that by this means die goodnefs 
of air may be diftinguilhed much more accurately 
than it can be done by putting mice, or any other 
animals, to breathe in it. 

This was a moft agreeable difeovery to me, as 
I hope it may be an ufeful one to the public; 
Specially as, from this time, I had no occafion for 
lb large a ftock of mice as I had "incen ufed to 
keep for the purpofe of thefe experiments, ufing 
them only in thofe which required to be very de- 
cifive; and in thefe cafes I have feldom failed to 
know beforehand in what manner they would be 
affixed, y 

m ^ * s a ^° rem arkable that, on whatever account 
air is unfit for refpiradon, this fame tefl is equally 
applicable. Thus there is not the leaft effervef- 
^ence between nitrous and fixed air, or inflamma¬ 
ble air, or any fpecies of diminifned air. All'o die 
A a 3 degree 
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degree of diminution being from nothing at all 
to more than one fourth of the whole of any quan¬ 
tity of air, we are, by this means, in poffefiion of a 
prodigioufly large ftde y by which we may diftin- 
guifli very fmall degrees of difference in the good- 
nefs of air. 

I have not attended much to this circumftance, 
having ufed this teft chiefly for greater differences; 
but, if I did not deceive myfelf, I have perceived 
a real difference in the air of my ftudy, after a few 
perfons have been with me in it, and the air on 
the out fide of the houfe. 

By means of this teft I was able to determine 
what I was before in doubt about, viz. the kind as 
well as the degree of injury done to air by candles 
burning in it. I could not tell with certainty, by 
means of mice, whether it was at all injured with 
refpeft to refpiration; and yet if nitrous air may 
be depended upon for furnifhing an accurate teft, 
it muft be rather more than one third worfe than 
common air, and have been diminifhed by the 
fame general caufe of the other diminutions of air. 
For when, after many trials, I put one meafure of 
thoroughly putrid and highly noxious' air, into 
the fame veffel with two meafures of good whole- 
feme air, and into another veffel an equal quantity, 
viz. three meafures of air in which a candle had 
burned out; and then put equal quantities of ni¬ 
trous 


SeSt.T- nitrous AIR. 359 

trous air to each of them, the latter was diminifh- 
ed rather more than the former. 

It agrees with this obfervadon, that air in which 
a candle has burned is farther diminifhed both by 
putrefa&ion, and a mixture of iron filings and ful- 
phur; and, I therefore take it for granted, by every 
other caufe of the diminution of air. It is pro¬ 
bable, therefore, that this air is air fo far loaded 
with phlogifton, as to be able to extinguifh a 
candle, which it may do long before it is fully 
faturated. 

I would obferve, that it is not peculiar to nitrous 
air to be a teft of the fitnefs of air for refpiradon. 
Any other procefs by which air is diminifhed, and 
made noxious, anfwers the fame purpofe. Liver 
of fulphur for inftance, die calcination of metals, 
or a mixture of iron filings and brimftone will do 
juft the fame thing; but the application of them 
is not fo eafy, or elegant, and the effect is not fo 
foon perceived. In fa£t, it is phlogifton that is the 
teft. If the air be fo loaded with this principle 
that it can take no more, which is feen by its not 
being diminifhed in any of the procefles above- 
mentioned, it is noxious; and it is wholefome in 
proportion to the quantity of phlogifton that it is 
able to take. 

• This, I have no doubt, is the true theory of the 
diminution of common air by nitrous air, the red- 
A a 4 nets 
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nefs of the appearance being nothing more than 
the ufual colour of the fumes of fpirit of nitre, 
which is now difengaged from the fuperabundant 
phlogifton with which it was combined in the nitrous 
and ready to form another union with any 
thing that is at hand, and capable of it. 

I found, very unexpectedly, that a confiderable 
difference would be made in the dimenfions of the 
mixture of air by a circumftance in the manner of 
mixing them that one would not readily fufpeCt, 
and I was not at firft able to account for it. My 
ufual method, as I have obferved in the Introduc¬ 
tion, has been to mix equal meafures of nitrous 
and common air in a low jar, and then to transfer 
the air into a graduated tube, three or four feet 
long. What I obferved is, that I could make a 
difference of five hundred parts of a meafure by 
making the air run up the long tube quickly or 
flowly. The more (lowly it afcended, die lefs 
(pace it occupied. To afcertain whether it depend¬ 
ed merely upon the two kinds of air being fo 
much longer together in the wider veffel, or in 
the funnel through which it was poured into the 
tube, I made the mixtures over night, and tranf- 
ferred them into the graduated tube the next 
morning j but I (fill found the fame difference, . 
depending upon the circumftance above-mentioned. 

It has been obferved by Mr. Cavendifh, that agU 
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ta tion brings a mixture of common air and nitrous 
air into much lefs compafs than a mixture of 
them without agitation. The difference is indeed 
very great, and therefore fhould always be men¬ 
tioned. But in this cafe there was no proper agitation. 

The fadt above mentioned, I now conclude arofe 
from what remained of the nitrous air, not decom- 
poled in the mixture, being diminilhed by palling 
through fo much fpace of water, which is more ex- 
pofed to its influence in a flow than in a quick paf- 
Jage. But I own I Ihould not have fufpedted that 
nitrous air would have been diminilhed fo very much 
by being Amply poured from one veflel of water 
into another, if I had not obferved it in the follow¬ 
ing manner. 

Having mixed a quantity of air, which I knew 
to be thoroughly phlogifticated by the putrefadtion 
of filhes, with an equal quantity of nitrous air, I 
transferred the mixture into my graduated tube j 
when, inftead of occupying two whole meafures, 
as I had expedted, they only occupied 1.95 mea¬ 
fures. Sufpedting that the fiye hundred parts of a 
meafure which had difappeared had been abforbed 
by" the water, I poured the air back again into the 
wide jar; and transferring it once more into the gra¬ 
duated tube, found it to be only 1.8 meafures j 
and pouring it about ten times backwards and for¬ 
wards. 
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wards, without any unneceflary agitation, it was re¬ 
duced to 1.6. Having ftood in water all night, I 
meafured it again the next morning, when I found 
it to be 1.5 j and by meafuring three times more it 
was reduced to 1.4. 

I then poured two meafures of nitrous air only 
from the wide jar into the graduated tube, and 
found that it was diminifhed even in a greater pro¬ 
portion than the former mixture. 

In applying the teft of nitrous air, I have lately 
preferred equal meafures of nitrous and of common 
air, or of any air which may be conjectured a priori 
to be nearly in the ftate of common air, in order 
that there might be phlogifton enough to faturate it 
entirely ; and if the remaining nitrous air was not 
affeCted by water, this method would be perfectly 
unexceptionable; and with due precaution, it is 
not liable to much objection. But the moft accu¬ 
rate method would be to ufe no more nitrous air 
than the air to be examined is able completely to 
decompole. But then it cannot be known before 
hand how much this is. Perhaps, in order to guard 
againft the inconvenience above mentioned, it might 
be moft advifeable, in common cafes,' that is, when 
the air to be examined is about the ftandard of 
common air, to ufe fomething lefs than an equal 
quantity of nitrous air, but more than one half, 

which' 
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which was the quantity that I firft confined my- 
felf to. 

I rather fufpeft that when nitrous air is mixed 
with common air, in a greater proportion than is 
requifite to the complete faturation of the common 
a ir with phlogifton, the fuperfluous nitrous air is 
more difpofed to be abfotbed by water dian pure 
nitrous air. It appears, however, that, in no great 
length of time, fuch mixtures are brought,to the 
fame dimenfigns as if only half the quantity of ni¬ 
trous air had been mixed with the common air. 
This, I think, may be inferred from an experiment 
which I made to try the difference between old and 
frejh made nitrous air, both having been made in 
the fame manner, and, I believe, having been ori¬ 
ginally of equal flrength. 

October 25, i777» 1 mixed equal quantities of 
the fame common air with equal quantities of the 
old and frefh made nitrous air. What fpace they 
occupied at that time, and in feveral fubfequent pe¬ 
riods, is reprefented at one view, as follows : 



With the old nitrous air. 

With the new. 

oa. 27, 

J 777> i.22, 

I.05 

Jsfov. IO, 

1.07 


24, 

0.96 

0.86 

Feb. 2, 

1778. 0.84 

0.8 


The laft is one fifth lefs than the original bulk 
of the common air, and confequently very near to 


the 
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the utmoft limit of the diminution of common air 
by any proper phlogiftic procefs. An accident pre¬ 
vented my obferving this progrefs any farther. 


SECTION II. 

Of the Impregnation of Water with nitrous Jir. 

T—TAVING, among other kinds of air> expoled 
A a quantity of nitrous air to water, out of 
which all air had been well boiled, in the experi¬ 
ment to which I may more than once refer (as 
having been the occafion of feveral new and impor¬ 
tant obfervations) I found that nineteen twentieths 
of the whole was abforbed. Perceiving, to my 
great furprize, that fo very great a proportion of this 
kind of air was milcible with water, I immediately 
began to agitate a confiderable quantity of it, in a 
jar (landing in a trough of the fame kind of water; 
and, with about lour times as much agitation as 
fixed air requires, it was fo far abforbed by the wa¬ 
ter, that only about one fifth remained. This re- 
4 maindec 
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mainder extinguifhed flame, and was noxious to 
animals. 

Afterwards I reduced a pretty large quantity 
of nitrous air to one eighth of its original bulk, and 
the remainder ItiU retained much of its peculiar 
•fmell, and dimimfhed common air a little. A 
moufe alfo died in it, but not fofuddenly as it would 
have done in pure nitrous air. In this operation 
the peculiar fmell of nitrous air is very manifeft, 
the water being firft impregnated with the air, 
and then transmitting it to the common atmof- 
phere. 

This experiment gave me the hint of impreg¬ 
nating water with nitrous air, in the manner in 
which I had before done it with fixed air; and I 
prefently found that diftilled \eater would imbibe 
about one tenth of its bulk of this kind of air, and 
that it acquired a remarkably aftringent tafte from 
it. The fmell of water thus impregnated is at firft 
peculiarly pungent. I did not chufe to fwallow any 
of it, though, for any thing that I know, it may 
be perfectly innocent, and perhaps, in l'ome cafes, 
falutary. 

This kind of air is retained very obftinately by 
water. In an exhaufted receiver a quantity of water 
thus faturated emitted a whitilh fume, fuch as fome- 
<iimesiflues from bubbles of this air when it is firft 
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generated, and alfo fome air-bubbles ; but though 
it was fuffered to ftand a long time in this fituation, 
it ftill retained its peculiar tafte j but when it had 
, ftood all night pretty near the fire, the water was 
become quite vapid, and had depofited a filmy kind 
of matter, of which I had often colle&ed a confider- 
able quantity from the trough in which jars con¬ 
taining this air had ftood. This I fuppofe to be a 
precipitate of the metal, by the folution of which 
'the nitrous air was generated. I have not given fo 
much attention to it as to know, with certainty, 
in what circumftances this depojit is made, any more 
than I do the matter depofited from inflammable 
air above-mentioned ; for I cannotu get it, at leaft 
in any confiderable quantity, when l pleafe ; whereas 
I have often found abundance of it, when I did not 
expect it at all. 

The nitrous air with which I made the firft im¬ 
pregnation of water was extracted from copper; but 
when I made the impregnation with air from quick- 
filver, the water had the very fame tafte, though 
the matter depofited from it feemed to be of a 
different kind j for it was whitifh, whereas the 
other had a yellowifh tinge. Except the firft quan¬ 
tity of this impregnated water, I could never de¬ 
prive any more that I made of its peculiar tafte. 
I have even let fome of it ftand more than a week. 
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in phials with their mouths open, and fometimes 
very near the fire, without producing any alteration 
in it*. . 

In . the beginning of May 1776, I faturated a 
quantity of diftilled water with nitrous air produced 
from bijmuth , and it happened to Hand ten days, 
or a fortnight, in the phial in which the impregnation 
was made, the fuperfluous nitrous air lying upon 
the furface of it. Then, mindful of the caution 
fuggefted by Mr. Bewly, not to admit the common 
air to this nitrous air in contact with the water, I 
very carefully, and as quickly as poflible, flipped a 
fmall funnel into the mouth of the phial, in the in- 
ftant that I turned it upfide down ; and immediately 
I filled it up with fome of the water in the bafon in 
which it had been inverted, fo that the nitrous air, 
in its efcape mixed with the common air, and was 
decompofed, on the outfide of the phial, and not 
within it. I have forgotten with what particular 
view I had made this impregnation, but I had no 
expectation of the refult, till, obferving it the day 
following, I found that it had depofited a confider- 
able quantity of very white matter , and that the wa¬ 
ter did not retain the leaft fenfible degree of acidity, 
not even turning the juice of turnfole red. This 


* 1 h ave ^ nce f° un <l* that nitrous air has never failed to efcape 
from the water, which has been impregnated with it, by long ex- 
pofure to the open air. 


experiment 



363 OBSERVATIONS ON Part II. 

experiment I have endeavoured to repeat, but al¬ 
ways without fuccefs. 

At one time, in order to determine whether tlie 
precipitate from water impregnated with nitrous ^ir 
was different according to the metal made ufe of m 
procuring the air, I impregnated three quantities of 
diftilled water with nitrous air, of which one was 
procured from bifmutb , another from copper, and a 
third from iron , each in an eight ounce phiab In 
all thefe cafes the water imbibed about one fixth of 
ks bulk of this air ; and when the impregnation was 
completed, I, as quickly as poflible, and in the 
manner defcribed in the laft mentioned experiment, 
filled all the phials with water from their refpe&ive 
bafons. But very little depofit was obferved for a 
confiderable time, and the . water in all the phials 
turned the juice of turnfole red. This impregna¬ 
tion was made on the 28th of iVlay, and the depofit 
having been made gradually, and as far as I could 
obferve equally, the quantity of it was, in the be¬ 
ginning of October, pretty confiderable ; but ftill 
not more than half of what was depofited in the 
firft mentioned experiment. In all the phials, aHo, 
the colour of the depofit was the fame, viz. a dark 
brown. The water alfo in them all was 
acid, but not, I think, in fo great a degree as at 
firIL 
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Imagining that the difference might depend upon 
the time that the fuperfluous nitrous air had re¬ 
mained upon the furface of the water (during which 
I had never obferved any depofit to be made) 
I let feveral of thefe impregnations remain a fort¬ 
night, and fome more than a month, before I in¬ 
verted the phials j but ftill the depofit was made as 
fiowly as before, and was always of a brownilh co¬ 
lour. In fome cafes this depofit was very incon- 
fiderable. 

When I heated this water, or when I put it into 
an exhaufted receiver, and thereby expelled from it 
all the air that I could, very little more depofit was 
made than there would have been if no air had 
been extratted from it. Alfo whether the phials 
containing the impregnated water were clofely Hop¬ 
ped, or left quite open, there was no difference 
with refpedt to the depofit. 

I imagined that I fhould have procured a con- 
fiderable quantity of this depofit by decompofing a 
large quantity of nitrous air, which I did by means 
of common air, in a fmall quantity of water. But 
though I repeated this procefs till the water was be¬ 
come exceedingly acid, it made no more depofit 
in a few days than would have been made from wa¬ 
ter Amply impregnated with nitrous air. One phial 
of this water I put under an exhaufted receiver; 
but though, by this means, a confiderable quantity 
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of air was difcharged from it, it made no more de- 
pofit than the reft. 

Imagining that die add which remained in this 
water might prevent the depofit from being made, 
efpecially as in the firft experiment, in which the 
depofit was fo confiderable, the water did not re¬ 
tain any fenfible acidity, I put a litde cauftic alkali 
to the impregnated water ; but no vifible effedt fol¬ 
lowed from it. To prevent all acidity as much as 
pofiible, I did not always depend upon my addrefs 
in applying the funnel, in the manner defcribed 
above, but I let out the fuperfluous nitrous air in a 
trough of the fame water that had been impreg¬ 
nated with it, fo that it was impoffible for it to be 
in the leaft affefted by the decompoGition of it with 
the common air. But ftill the refult was not at all 
different from what it had been in the other cafes in 
which this precaution had not been taken. 

Mr. Bewly has very well obferved, that that aci¬ 
dity of water impregnated with nitrous air which is 
fenfible to the tafie, is given to it by the decompofition 
of the nitrous air in contadt with the impregnated 
water; but I have found, that a (light degree jo£ 
acidity, not indeed fenfible to the tafte, but dis¬ 
coverable by the juice of turnfole, is always com¬ 
municated to water by its impregnation with nitrous 
air. For if a phial be filled with water tinged blue 
with the juice of turnfole, and then the nitrous air 
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be admitted to it, and agitated in it, in order to pro¬ 
mote the impregnation, a change of colour will 
prefently be perceived in the water. But rain-water 
fo impregnated (the fuperfluous air being let out un¬ 
der water) retains fo little acidity, as hardly to be dif- 
covered by mixing it with other water tinged blue. 

I once imagined that nitrous air might pofiibly 
undergo fome change in its conftitution in conle- 
quence of its being imbibed by water; and for fome 
time I always expelled a proportion of fixed air along 
with the nitrous, from water fo impregnated; but 
by ufing the following precaution I difcovered my 
miftake. I carefully pumped all the air out of a 
quantity of rain water, letting it ftand twenty four 
hours in a very good vacuum, and then impreg¬ 
nated it with nitrous air j when, immediately ex¬ 
pelling all that I could of it by the heat of boiling 
water, I found no part of it fixed air, but all pure 
nitrous air, though not more than one fourth of the 
quantity that had been imbibed by it. . 

I wilh l could have given my reader more fatif- 
fadion with refped to this depofit made by nitrous 
air j but though I have given more attention to it 
than perhaps to any other fubjed relating to air, I 
have not hitherto fucceeded to my willi. Perhaps 
J m^y be more fortunate hereafter. I have little 
doubt, however, but that this precipitate confifts of 
the calx of the metal, by the dilfolution of which 
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the nitrous air is procured, and the white colour of 
the firft depofit from bifmuth may arife from a lefs 
portion of phlogifton adhering to it than to the 
brown precipitates. But what I want is a method 
of making die precipitate at pleafure , that a quan¬ 
tity might be procured for a careful examination, 
and that the proportion of it, in a given quantity of 
air, might be afeertained. 


SECTION III. 


Of the Abjorption of nitrous Air by Oils, Spirit of Mr me 
and cauftic Alkali. 

T HAT water would imbibe a certain portion 
of nitrous air, I difeovered pretty early; but 
that oils would do it, and efpecially in fuch a prodigi¬ 
ous quantity, and fo very rapidly, as I afterwards found 
they do, I did not fo much as fufpeft at the time of 
my laft publication; and the experiments will fhew 
that the decompofition is effected by means of the 
affinity which oils, and efpecially the effential oils, 
are known to have with the nitrous acid, or its bafe. 

For 
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For it is evidently this part of the nitrous air that 
they imbibe. 

Having feen fome reafon to fufpedt what would 
be the confequence of admitting nitrous air to oil 
of turpentine, from what I had obferved in my im¬ 
pregnation of oils with the nitrous vapour , as will be 
feen hereafter, I filled a fmall glafs jar with oil of 
turpentine, inverted in a bafon of the fame ; and 
on expelling that fluid by filling it with nitrous 
air, I obferved that, without any agitation, the ni¬ 
trous air was diminifhed fo faft, that in about fix 
hours three fourths of it quite difappeared. What 
remained extinguiflied a candle, being, in all re- 
fpe&s, the fame with phlogijlicated air , or that to 
which nitrous air is reduced by iron filings and 
brimflone, long agitation in water, and other pro¬ 
cess. 

When I agitated nitrous air in oil of turpentine, 
it was abforbed quite as readily as fixed air is ab- 
forbed by water j but the quantity of nitrous air 
that oil of turpentine will imbibe is vaftly greater 
than the quantity of fixed air that water can be made 
to receive. 

What is the limit in this cafe I cannot tell j but 
throwing away the refiduum, which could not be 
imbibed by oil of turpentine (which was generally 
about one fourth of the whole, the fame as in the 
procefs with iron filings and brimflone) I made a 
B b 3 quantity 
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quantity of this oil imbibe, at different times, eleven 
times its^bulk of nitrous air, and with very great 
eafe, even at the laft; but not quite fo readily as at 
the firft. 

During this proceis, the oil, from being tranf. 
parent, prelently became of a light orange colour, 
and then had a yellowifh caft, and was a little glu¬ 
tinous j but towards the end of the procefs part of 
the oil became of a very deep orange, and, fepa- 
rating from the reft, funk to the bottom of the vef- 
fel. It muft have been the nitrous acid formed by the 
nitrous air, and the acidifying principle of pure air, 
contained perhaps in the oil of turpentine ; and it 
would probably have decompofed more nitrous air, 
till the whole of it had been converted into this 
thick orange coloured mafs ; which is the fame 
thing, as will be feen in its proper place, with 
this oil after it has been fully impregnated with ni¬ 
trous vapour. 

I endeavoured to expel air from the oil of turpen¬ 
tine which had imbibed fuch a quantity of nitrous 
air, but though I applied a considerable degree of 
heat, no air came from it. 

Willing to know the laft ft ate to which the im¬ 
pregnation with nitrous air would bring oil of tur¬ 
pentine, I put a fmall quantity of it into a thin 
phial, ballancing it fo that it would fwim upright 
in water, and then introduced it into a large jar of 

nitrous 
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nitrous air Handing in water. It abforbed, in all, 
two thirds of it ; at firft very (lowly, but afterwards 
more rapidly; the water rifrng more in one day 
than it had done in feveral days before, and die 
whole procefs lafted a week; after which part of 
the oil of turpentine was become Orange coloured 
and thick, finking to the bottom of the phial, but 
die change of colour was made at the furface. Af¬ 
ter about ten days I took it out of this jar, and put 
it into another jar of freih nitrous air, when it began 
to abforb the air very faft, having imbibed about 
one fourth of it in one night. 

Seeing no other appearance than the change of 
the oil of turpentine into this dark orange coloured 
mafs, I at length diicotitinued die procefs, and ex- 
pofed the fubftance I had procured to the open 
air, when it btcanne gradually thicker, till, in a 
month or fix weeks, it became almoft as hard as 
glue. The infide of the jar in which this expe¬ 
riment was made was nearly covered with fmall 
fpecks of the fame glutinous orange coloured mat¬ 
ter; the impregnated oil having, no doubt, been 
exhaled, and having fettled on the fides of the 
glafs, where, the more limpid part being evaporated, 
the reft became of the confidence above men¬ 
tioned. 

I alfo made a quantity of oil of turpentine im¬ 
bibe nitrous acid from nitrous air, by iaturating 
Bb 4 with 
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with it the common air in the phial in which it 
was contained. It prefently became very hot; 
was firft green, and then of an orange colour, and 
parts of it becoming very thick and glutinous, 
funk to the bottom, exattly as the oil of turpentine 
which had imbibed the nitrous air in the preceding 
procefs, or the nitrous vapour. N. B. After I 
had made fome progrefs in this operation, it went 
on very rapidly. For immediately after I had ap¬ 
plied the bladder of nitrous air to the phial, it 
rulhed into it, and all the nitrous air was decom- 
pofed in a few feconds. In this circumftance, alfo, 
there is a remarkable refemblance between the 
two procefies; the decompofition of the nitrous 
air in both cafes not having been effected fo rapidly 
at the firft, as fome time afterwards. 

Ether has the fame power of abforbing nitrous 
air that oil of turpentine poflefies. Having filled 
a phial with ether, and inverted it in a bafon of the 
fame, I introduced a quantity of nitrous air into it, 
in the fame manner as I had done to the oil of 
turpentine j and prefendy found that, with a very 
little agitation, three fourths of it difappeared, and 
the remainder poflefled no nitrous property. 

Willing to lee the whole effect of nitrous air 
upon ether, I introduced a fmall quantity of it into 
a large jar of nitrous air, in the fame manner as 
I had done with oil of turpentine in the above- 

mentioned 



NITROUS AIR. 


III. 


377 


mentioned experiment. For feveral days air kept 
bubbling out at the bottom of the jar (the effeft 
of ether on all kinds of air, as I have ob- 
ferved, being to increafe, and almoft double the 
whole quantity of it) but after this time the air in 
the jar began to be diminilhed, and the water to 
rife in it, the phial containing the ether always 
fwimming on its furface. But at the end of the 
procefs, which continued about three weeks, one 
third of the air in the jar remained. After this I 
perceived no alteration in its quantity: but, letting 
it remain a fortnight longer, I examined it, and 
found the ether very much diminifhed in quantity, 
though not changed in its appearance ; but it did 
not evaporate on being expofed to the open air 
as ether does. What was moft remarkable was, 
that the nitrous air had loft hardly any thing of 
its peculiar property of diminifliing common air. 
But it may be fuppofed that there was not a quantity 
of ether fufficient to produce any confiderable 
change in fo large a quantity of nitrous air; and 
the reafon why what remained of the ether, after 
this experiment, did not evaporate, might be, that 
the exhalation of the water within the jar had mix¬ 
ed with it, and diluted it very much. 

Olive oily likewife, imbibes nitrous air, but not 
rapidly, perhaps about half as fall as water imbibes 
fixed air without agitation; which makes veiy 

little 
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little difference in the cafe of oil, on account of its 
vifcidity, and confequently its not. being much, 
divided by that operation. By long Handing, a 
/ quantity of olive oil imbibed almoft the whole of a 
final! quantity of nitrous air. 

Olive oil, by which a quantity of nitrous air had 
been confined in a phial feveral months* had ab- 
forbed almoft the whole of it, and diat part of the 
oil which was contiguous to the air was coagulated 
in lump?, as if it had been frozen, and remained 
a long time at the top of the oil. But afterwards, 
being loolened, I fuppofe, by the warmth of the 
weather, it all funk to the bottom, as the. ice of oil 
always does. 

*I his property of dimini filing nitrous air, is not 
peculiar to oils. It is like wife found in caufiic 
alkali , though not in the fame degree. Imagining 
that the preceding oils feized upon the acid of 
nitrous ait, and thereby decompofed it, I thought 
that alkalies, having the ftrongeft affinity with acids, 
caufiic alkaline liquors, fixed and volatile, muft 
have the fame effect; and the experiments feemed 
to verify my conjecture. Having put a quantity 
cf nitrous air to a phial of caufiic fixed alkali, im- 
merfed in a bafon of the fame, I obferved that, 
in the fpace of three days, and without agitation, 
fc much of it had been abfotbed, that not more 
than one fixth of the quantity remained, and after 

fa 
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fix days about one twelfth part of it only was 
left. 

Ari equal quantity of 'volatile alkali , in fitnila? 
circumftances, imbibed, at the fame time, but little 
of the nitrous air. But at another time, after 
Waiting about a week, I obferved that a quantity 
of it had abforbed about One third of a fmall 
quantity of nitrous air that had reftcd upon its 
furface. 

At another time I obferved that a quantity of 
fixed alkali abforbed alrnoft the whole of about 
one fourth of its bulk of nitrous air; for the re-* 
mainder could not be more than one twentieth 
part. But when a phial was quite filled with ni¬ 
trous air, and placed with its mouth in a bafon 
of the fame fluid, the abforption went on. very 
flowly. 

When, by means of agitation, I had made a 
quantity of fixed cauftic alkali imbibe its bulk of 
nitrous air, I obferved that the colour of it was 
not in the leaft fenfibly changed; alfo it had no 
more effect upon iron than it had before this procefs. 

Cauftic alkali had no fcnfible effeft either on 
common or inflammable air, though only a fmall 
quantity of thefe kinds of air was kept in con¬ 
tact with a large quantity of this liquor about a 
week. 

At the fame time that I firft e*pofed nitrous 
air to oil of turpentine, I, ih the fame manner, 

brought 
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brought it into contadt with Jpirit of wine ; and at- 
that time the abforption, without agitation, feemed 
to be almoft as confiderable as that with the oil of 
.turpentine. But though this fluid imbibed the ni¬ 
trous air very faft at the firft, it was foon faturated, 
which is not the cafe with oil of turpentine. By 
repeating the procefs feveral times, I made a 
quantity of fpirit of wine imbibe its bulk of ni¬ 
trous air. But after this it received more air 
with great difficulty j and though I did not urge 
it to the utmoft, I do not think that it would 
have taken much more. No change was produced 
in the appearance of the fpirit of wine, it being as 
tranfparent as at firft; ; and, what I thought a little 
remarkable, it did not afte£t the juice of turnfole 
in any other manner than fpirit of wine always 
does. The application of beat to the fpirit of wine 
thus impregnated did not expel any air from it, 
any more than it had done from the oil of turpen¬ 
tine impregnated in the fame manner. 

In order to compare the abforption of nitrous 
air by fpirit of wine and by oil of turpentine, I 
filled two cylindrical glafs veflels, nine inches in 
length, one with oil of turpentine, and the other 
with fpirit of wine, inverting them in bafons of the 
fame. Then, expelling the liquors, I filled them 
both completely with nitrous air, and obferved that 
in lefs than a day the oil of turpentine had ab-' 
forbed three fourths of its air, while the fpirit of 
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wine had not rifen in the jar more than three 
quarters of an inch, and it never advanced an/ 
higher. 


SECTION IV. 

Of the Phenomena attending the Ahforption of nitrons 
Air by acid Liquors . 

A S nitrous air is liable to be decompofed by 
any fubftance that has a near affinity either 
with its phlogifton, or with any other of its con- 
ftituent parts, it was natural to think of trying the 
effect of the feveral acids , which are known to 
have a confiderable affinity with phlogifton. Ac¬ 
cordingly, about the fame time that I made the 
experiments defcribed in the laft fe&ion, I con¬ 
veyed a quantity of nitrous air into phials previoufly 
filled with the vitriolic , nitrous and marine acids j and 
it prefently appeared that all of them got phlo- 
gifton from this air j but the quantity of it which 
the nitrous acid decompofed, the quicknefs of the 
proceis, and the effed of it upon the nitrous acid 

itfelf, 
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itfelf, were appearances that I viewed with aftonifh- 
ment, having had no expectation of any fuch refult ; 
and feveral good chemifts of my acquaintance have 
'exprefled no lefs furprize at them than myfelf, 
though thefe fa£ts will appear lefs extraordinary, 
when it is confidered how very ftrong is the affinity 
between this acid and phlogifton. This, how¬ 
ever, is perhaps a more evident proof of the pecu¬ 
liar ftrength of this affinity than any other faft 
that chemiftry has hitherto furnifhed. 

Having, in all the other cafes, had occafion to 
agitate this fpecies of air in the fluids which I 
expected to abforb it; the moment that I intro¬ 
duced this air to the nitrous acid, I was, as ufual, 
beginning to agitate it; but with the leaf* motion 
the abforption was almofl: inftantaneous, being nearly 
as quick as the abforption of acid or alkaline air 
by water; and the quantity of nitrous air that a 
very fmall proportion of this acid is able to de- 
compole, and to appearance abforb, almofl; exceeds 
belief. 

Finding this abforption fo very rapid, I had no 
occafion to introduce the air into phials previoufly 
filled with nitrous acid, in the manner in which I 
had done with refpeft to other fluids, but only 
filled the phials with nitrous air, and covering the 
mouths of them with my finger, placed them in¬ 
verted in a bafon of the acid, wJien the abforption 
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would inftantly commence, and the fluid, without 
any jagitatioh, would rife gradually and vifibly, till the 
greateft part of the air difappeared. Making the 
experiments in this manner, I obferved that the 
upper part of the acid, on which the nitrous air 
refted, became firft of a deep orange, and then of 
a green colour. 

In order to obferve the full effedt of nitrous air 
on a given quantity of ftrong nitrous acid, I filled 
a fmall phial with it, and then introduced it through 
the water into a large jar previoufly filled with 
nitrous air, and fupported the phial in fuch a man¬ 
ner, as that the water could never rife fo high as 
to get into it. In thefe circumftances, the furface 
of the liqour, which was at firft of a pale yellow, 
prefently affumed a deep orange colour, and the 
quantity of air abforbed was indeed very great. 

I was fo much tiruck with this experiment, that 
I repeated it very often y and the following is a 
diftindt recital of all the remarkable appearances 
attending one of them, which I feledt from the 
reft, as I noted them more minutely than in any 
other procefs of the kind. 

Having filled a phial, containing exadtly the 
.quantity of four pennyweights of water, with a 
ftrong pale yellow fpirk of nitre, with its mouth 
quitd dole to the top of a pretty large receiver, 
Handing in water, 1 carefully drew out almoft ali 
1 the 
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the common air, and then filled it with nitrous 
air; and as this was abforbed, I kept putting in 
more, till, in lefs than two days, it had completely 
, abforbed 130 ounce meafures. 

Prefently after this procefs began, the furface 
of the acid affumed a deep orange colour, and 
when twenty or thirty ounce meafures of air were 
abforbed, it began to be fenfibly green at the top; 
and this green kept defcending lower and lower, 
till it reached the bottom of the phial. Towards 
the end of the procefs, the evaporation of the acid 
Was perceived to be very great; and when I took 
it out, the quantity was found to have been dimi¬ 
nished exafUy one half: for there remained no 
more than the quantity of two pennyweights of 
water. Alfo it had become, by means of this 
procefs and the evaporation together, exceedingly 
weak, and was rather blue than green. 

The phial of fpirit of nitre in this experiment 
was fupported by an iron wire, rifing from a flat 
piece of brafs; and having at one time filled the 
receiver quite full of nitrous air, fo as to leave 
the whole Hand quite bare, I obferved that great 
quantities of air iffued from them, the moifture 
on their furface rendering this effeift very apparent. 
This mull have been an additional quantity of ni¬ 
trous air, produced by the nitrous vapour which 
had been exhaled from the phial, or depofxted in 

the; 
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the decompofition of the nitrous air, and muft be 
confidered as having been abforbed by the acid in 
the phial, befides that which I threw into it. How 
much was the amount of this additional quantity 
of nitrous air, decompofed by the acid in the phial, 
I cannot certainly tell j but fhould guefs, from the 
circumftances, that it could not be lefs than twenty 
ounce meafuresj which, added to the 130 above- 
mentioned, makes the whole quantity abforbed to 
have been 150 ounce meafures. Befides, I with¬ 
drew the phial before the abforption had quite 
ceafed. 

At another time I was determined that the ni¬ 
trous acid Ihould continue in nitrous air till it could 
not poflibly abforb any more of it, in order to 
obferve what the acid itjelf would become after 
being fully faturated with phlogifton in this man¬ 
ner, and when it had at the fame time exhaled 
as much as it could of its own acid in thofe cir¬ 
cumftances. The confequence was, that, in four 
or five days, when the procefs terminated, the acid 
was become of a very light blue colour, and, as in the 
former cafe, was reduced to half its dimenfions; 
fo that the evaporation of the acid in this confined 
fituation ceafes before it becomes quite tranfparent, 
as it does by long expofure to the open air, though 
it is very poffible, that a much longer continuance, 
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even m thefe circumftances, would have the fame 
effeft. 

The above-mentioned experiments were made 
with the ftrongeft yellow fpirit of nitre. When I 
expofed to the nitrous air a quantity of blue fpmt 
of nitre, the air was abforbed, but by no means in 
fo great a quantity as by the other acid; and the 
furface of this acid became of a deeper blue m 
thefe circumftances. Had it been continued longer* 
it would, I fuppofe, have returned to a lighter 
blue by the evaporation of its acid; in which date 
it would have loft its power of attracting phlogif- 
ton from the nitrous air, as in the laft-mentioned 
experiment. The nitrous air which had been ex¬ 
pofed to this blue fpirit of nitre was diminifhed a 
little by frefh nitrous air. 

Having obferved the change that took place in 
nitrous air by means of fpirit of nitre, I was de- 
firous of knowing whether the fpirit of nitre in 
which it was agitated acquired or loft ftrength; 
when I foon found that, in confequence of getting 
more phlogifton, its power of diffolving metals 
was diminifhed, though it will be leen that the 
acid muft have been weakened a litde in the courfe 
of the experiment. 

In order to effeft my purpofe, I firft filled a 

phial with the nitrous acid, which was very ftr<> n g* 
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and of a pale yellow colour; and placing it invert¬ 
ed in a bafon of the fame, I introduced to it, by 
means of a bladder, a quantity of nitrous air j and 
when the acid had abforbed as much as it could 
of this, I threw out the refiduum of phlogifticated 
air, and filling it up again with fpirit of nitre from 
the fame bafon, I fupplied it with more nitrous 
air. 

This I continued to do for a confiderable time, 
and obferved that by the procefs the acid became very 
brown, and fmokingj in confequence, no doubt, 
of having acquired phlogifton from the nitrous air. 
In difiolving copper with this acid, immediately 
after the procefs, I found that it was become weaker 
in the proportion' of five and a half to fcven. It 
muft be obferved, however, that the evaporation 
during the procefs (though I made it as expedi- 
tioufly as I poflibly could) muft have weakened 
the acid a little, and alfo the end of a wet glafs 
tube (though I never failed to wipe it as well as 
I could) being dipped into it every time that I 
fupplied it with more air, muft have diluted it a 
little more. 

Observing the readinefs with which nitrous acid 
decompofed nitrous air, by depriving it of its phlo¬ 
gifton, I had the curiofity to try how far die agi¬ 
tation of a quantity of this air in ftrong fpirit of 
nitre would depurate it; and it was not without 
C c 2 furprize 
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furprize that I found that, when this procefs had 
continued but a very fhort time, the air had be¬ 
come fo far pure by the lofs of its phlogifton, 
that two meafures of it and one of frefh nitrous 
air' occupied the fpace of two meafures and two 
thirds. I then tried the efFed 'of this procefs 
on air phlogifticated by nitrous air, and found 
that this alfo was confiderably improved by this 
means. 

In both thefe cafes the air was far from being 
fo pure as to be fit for refpiration; but that 
any kind of air fhould be reduced by this procefs 
to a ftate that is at all better than perfectly phlo¬ 
gifticated, will appear extraordinary, when it is 
confidered, that, notwithftanding the affinity there 
is between this acid and phlogifton, yet that the 
vapour of it never fails to impart phlogifton to 
common air, fo as to deprave it confiderably. In 
feveral cafes I have obferved that common air 
thus expofed to the influence of nitrous vapour 
has become perfectly phlogifticated in a very fhort 
fpace of time. It fhould feem that the nitrous 
acid, when combined with water* has a ftronger 
affinity with phlogifton than it retains in the form 
of vapour, free from water. 

The eflfed of oil of vitriol, and fpirit of fait, 
on nitrous air is by no means fo remarkable as 
the efFed of the nitrous acid upon it; but it is 
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Sufficiently evident that both thefe mineral acids 
do really decompofe this air in part; and the im¬ 
pregnation they receive from the phlogifton they 
take from it is worth notice. 

Oil of vitriol imbibes almoft as much nitrous 
air as water can do, and requires about the fame 
degree of agitation, or rather more, to effect it. 
Two thirds of the quantity of the air admitted 
to about four times as much of the acid was im¬ 
bibed, and the oil of vitriol, which was before 
quite colourlefs, affumed a beautiful purple hue. 

Spirit of fait imbibes nitrous air very (lowly, 
and in a fmall quantity; but by this fmall impreg- - 
nation, from being of a light draw colour, it be¬ 
came of a beautiful Iky blue, very vifible when 
held Up to the light. The quantity abforbed was 
about one twentieth of its own bulk, and one 
third of the nitrous air employed in the experiment. 

In order to obferve what proportion of nitrous air 
a quantity of fpirit of fait would abforb with long 
Jlandin& I Suffered them to continue in contact 
in one cafe about two months; and after that time 
about two thirds of the air, which was originally 
about one fourth of the bulk of acid, was imbibed; 
and I imagine that with more time, (till more of 
the air will difappe ar . 

Nitrous air was readily abforbed without agita¬ 
tion by water impregnated both with vitriolic acid 
C c j air 
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air and fluor acid air. Each took more than its 
bulk, and not more than one twentieth part of the ni¬ 
trous air remained unabforbed. How much more 
would have been abforbed I did not try. No 
change of colour was produced by the procefs. 
N. B. Agitation only fet loofe the vapour of thefe 
acid liquors, and thereby increafed the apparent 
bulk of the air. Thefe two kinds of acid air im¬ 
bibing nitrous air in the lame manner is an argu¬ 
ment for their being ultimately the fame thing. 

Both radical vinegar , and concentrated vegetable acid y 
abforbed nitrous air confiderably faller than water. 
Of thefe acid liquors the former retained its tranf- 
parency; for though, during the agitation it fud- 
denly became of a turbid white, that change took 
place on the accidental admiffion of a bubble or 
two of cpmmon air, though I do not underftand 
how this circumftance could produce that effect. 
The concentrated vegetable acid alfumed a dark pur¬ 
ple in confequence of this impregnation, very much 
refenobling the oil of yitriol after the fame procefs. 
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SECTION V. 

Of thp antifeptic Power of nitrous Air. 

I T will perhaps be thought, that the molt ufeful , 
if not the moft remarkable, of all the properties 
of this extraordinary kind of air, is its power of 
preferving animal fubftances from putrefadion, and 
of reftoring thofe that are already putrid, which it 
pofleffes in a far greater degree than fixed air. My 
firft obfervation of this was altogether cafual. 
Having found nitrous air to fufter fo great a di¬ 
minution by a mixture of iron filings and brim- 
ftone, I was willing to try whether it would be 
equally diminilhed by other caufes of the diminu¬ 
tion of common air, efpecially by putrefadion i 
and for this purpofe I put a dead moufe into a 
quantity of it, and placed it near the fire,'where 
the tendency to putrefadion was very great. In 
this cafe there was a confiderable diminution, viz. 
from five and a quarter to three and a quarter * 
but not fo great as I had expeded, the antifeptic 
power of the nitrous air having checked the ten¬ 
dency to putrefadion j for when, after a week, I 
C c 4 took 
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took the moufe out, I perceived, to my very great 
furprize, that it had no offenfive fmell. 

Upon this I took two other mice, one of them 
juft killed, and the other foft and putrid, and put 
them both into the fame jar of nitrous air, hand¬ 
ing in the ufual temperature of the weather, in the 
months of July and Auguft of 17725 and after 
twenty five days, having obferved that there was 
little or no change in the quantity of the air, I 
took the mice out; and, examining them, found 
them both perfe&ly fweet, even when cut through 
in feveral places. That which had been put into 
the air when juft dead was quite firm; and the 
flelh of the other, which had been putrid and foft, 
was ftill foft, but perfeftly fweet. 

In order to compare the antifeptic power of 
this kind of air with that of fixed air, I examined 
a moufe which I had inclofed in a phial full of fixed 
air, as pure as I could make it, and which I had 
corked very clofe. But upon opening this phial 
in water about a month after, I perceived that a 
large quantity of putrid effluvium had been gene¬ 
rated ; for it ruffled with violence out of the phial; 
and the fmell that came from it, the moment the 
cork was taken out, was infufferably offenfive. In¬ 
deed Dr. Macbride fays, that he could only reftore 
very thin pieces of putrid fleffl by means of fixed 
air. 
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I once thought that if a little pains were taken 
with this fubjeCt, this remarkable antifeptic power 
of nitrous air might poffibly be applied to various 
ufes, perhaps to the prefervation of the more deli¬ 
cate birds, fifties, fruits,,&c. mixing it in different 
proportions with common or fixed air, and efpeci- 
ally that anatomifts might perhaps avail themfelves 
of it; but Mr. Hey, who made the trial, found 
that, after fome months, various animal fubftances 
were fhriveled, and did not preferve their natural 
forms in this kind of air. 

I have made a few experiments, in order to afcer- 
tain whether it be pofTible to derive any advantage 
from this property of nitrous air for culinary pur- 
pojcs. But I cannot fay that my obfervations have 
been very favourable to it in this refpeCt. Nitrous 
air will, indeed, preferve fleih meat from putre¬ 
faction ; but after long keeping in this manner it 
becomes very offenfive, both to the noftrils, and the 
palate, though the fmell is not altogether that of 
putrefaction ; and indeed the fubftance continuing 
quite firm, it could not be properly putrid. Though 
thefe experiments were not quite fair, becaufe the 
nitrous air had not been renewed fo often as it ought 
to have been, feveral of the phenomena may be 
worth mentioning. 

On the 28th of April 1777, I put two pigeons 
into two jars of nitrous air, juft wide enough to 
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contain them, with about as much nitrous air in 
the jars, as the bulk of the pigeons. From this 
time till the 4th of June following, I had renewed 
the nitrous air but once, and then, taking them out, 
I found them both free from all fmeli of putre¬ 
faction. One of them was broiled, when the flefh 
was found to be fweet, but it had not the natural 
taffo of the pigeon, and was, on the whole, unplea- 
fant. The flefh was quite red throughout, and a 
little harder than that of a pigeon generally is. The 
water contained in the cups, in which the. jars with 
the pigeons had flood, had generally been very of- 
fenfive, fo that it fhould feem that the putrid efflu¬ 
vium (containing, probably, much phlogiflon, and 
perhaps the moft nutritive part of the flefh) had 
palled through the nitrous air, and the water, into 
the furrounding atmofphere. 

I replaced the pigeon that was not ufed, and let 
it remain, along with two others which had been 
kept the fame time, till the 13th of September fol^ 
lowing, in all, near fix months, or the whole fum- 
mer feafon * but I had not been careful to change 
the air very often, though I did it two days before 
I took them out the laft time. The pigeons had 
now certainly a very bad fmeli, though their flefh 
was firm, and fo were even the bowels of one of 
them which had not been drawn. When they were 
dreffed, they were much more oflfenfive, and had a 
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ftrong fmell of putrefaction, or fomething very much 
refembling it. The flefli was red throughout, ftill 
firm, and exclufive of the fined, had little or no 
tafte. My friend, Mr. Magellan, who was with me 
at the preparation of them, had not fo bad an opi, 
nion of this piece of cookery as I had. 

On the ioth of May I put into ajar of nitrous 
air a large wood pigeon; and taking it out on the 
18th of June following, obferved that it had a ftrong 
and offenfive fmell, but the flelh was perfectly firm. 
Though a very great part of the air had been ab- 
forbed, and during the fortnight preceding the exa¬ 
mination it had not been fupplied with frefh air, 
as it had been occafionally before, the air to which 
it had been expofed all that time diminifhed com¬ 
mon air quite as much as frefh made nitrous air. 
It was this obfervation that gave me the firft fiifi- 
picion of the manner in which nitrous air is dimi- 
nifhed in this and in other procefles. Having re¬ 
placed the pigeon in the jar, I found on the 7th of 
Auguft following, that the air was but (lightly ni¬ 
trous, and on the 2 2d of the fame month it was 
mere phlogifticated air. After this I negleCted to 
attend to it, and at laft threw it away. Whether, 
in this procefs, the nitrous air ever comes into a date 
in which a candle will burn in it, 6r not, I cannot 
tell. The experiment is a very unpleafant one, and 
I (hall hardly repeat it. 

1 
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In all thefe cafes the fiefti was kept a long time, 
viz. through the fix fummer months ; and though 
nitrous air failed to preferve meat in a ftate fit for 
eating fo very long, it may poflibly anfwer the pur- 
pofe for a few days tolerably well, as it will certainly 
reftore meat that has begun to turn putrid. One 
trial of this kind I did make. 

On the 14th of June 1777, I took a fowl which 
had been killed a week, and which had been pur- 
pofely kept till it was offenfive; and putting it into 
ajar of nitrous air, obferved that the air began im¬ 
mediately to be abforbed, and on the 16th I took 
the fowl out, when it had no fmell of putrefaction 
at all ■, but when it was boiled, though myfelf and 
feveral other perfons tailed of it, and perceived no¬ 
thing. difagreeable in the tafte itfelf, we were dif- 
gufted with a faint fmell that came from the body 
of the fowl, when we held it to our noftrils. Per¬ 
haps it had not been expofed to the nitrous air quite 
long enough. 

Though part of this air had been abforbed, the 
remainder diminifhed common air quite as much as 
any frefh made nitrous air. 

On the fubjeCt of this feCtion I fhall obferve that 
Dr. Millman having been fo obliging as to inform 
me that he had found that bile is prevented from 
becoming putrid much longer by being impregnated 
with fixed air, than it could otherwife be; I was 
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defirous of trying what effeCt the impregnation with 
nitrous air would have upon it. Accordingly, on 
the 19th of February 1777, I impregnated a quan¬ 
tity of ox bile, with which he fupplicd me with 
nitrous air i when, from being vifcid, it prefently 
became limpid like water, and afiumed a brownifti 
hue, without depofiting any thing that I could per¬ 
ceive. This bile continued perfectly fweet till the 
the 20th of March following, when it was packed 
up, along with other things, and removed from 
London into the country. Examining it fome time 
afterwards, I found it had contracted a fmell of pu¬ 
trefaction, and on the 23d of April, it was quite 
putrid. The fame brown colour continued, but 
it had depofited fomething of a whitilh colour. 
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SECTION VI. 

Of the Formation of nitrous Ammoniac by nitrous Air . 

,T N the mixture of this kind of air witli common 
air, in a trough of water which had been putrid, 
but which at that time feemed to have recovered its 
former fweetnefs (for it was not in the leaft degree 
offenfive to the fmell) a phenomenon fometimes 
occurred, which for a long time exceedingly de- 
hghted and puzzled me. 

W hen the diminution of the air was nearly com¬ 
pleted, the vefiel in which the mixture was made 
began to be filled with the moft beautiful white 
fumes, exa&ly refembling the precipitation of fome 
white fubllance in a tranlparent menltruum, or the 
falling of very fine fnow j except that it was much 
thicker below than above, as indeed is the cafe in 
all chemical precipitations. This appearance conti¬ 
nued two or three minutes. 

Afterwards, having (with a view to obferve whe¬ 
ther any cryftals would be formed by the union of 
volatile alkali, and nitrous air, fimilar tothofe form¬ 
ed by it and fixed air, as defcribed by Mr. Smeth 
In his Differ tat ion on fxed Air) opened the mouth 

of 
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of a phial which was half filled with a volatile alka¬ 
line liquor, in a jar of nitrous air, I had an appear¬ 
ance which perfedly explained the preceding. All 
that part of the phial which was above the liquor, 
and which contained common air, was filled with 
beautiful white clouds, as if fome fine white powder 
had been inftantly thrown into it, and l'ome of thefe 
clouds rofe within the jar of nitrous air. This ap¬ 
pearance continued about a minute, and then intirely 
difappeared, the air becoming tranfparent. 

Withdrawing the phial, and expofing it to the 
common air, it there alfo became turbid, and foon 
after the tranfparency returned. Introducing it 
again into the nitrous air, the clouds appeared as 
before. In this manner the white fumes and tranf¬ 
parency fucceeded each other alternately, as often 
as I chofe to repeat the experiment, and would, no 
doubt, have continued till the air in the jar had been 
^ thoroughly diluted with common air. Thefe ap¬ 
pearances were the fame with any fubftance that 
contained volatile alkali , fluid or folid. 

When, inftead of the fmall phial, I ufed a large 
and tall glafs jar, this appearance was truly fine and 
ftriking, efpecially when the water in the trough was 
very tranfparent. For I had only to put the fmall- 
eft drop of a volatile alkaline liquor, or the fmalleft 
bit of the folid fait, into the jar, and the moment 
that the mouth of it was opened in a jar of nitrous 

air. 
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air, the white clouds above mentioned began to be 
formed at die mouth, and prefently defcended to 
the bottom, fo as to fill the whole, were it ever fo 
large, as with fine fnow. 

In confidering this experiment, I foon perceived 
that this curious appearance muft have been occa- 
fioned by the mixture of the nitrous and common 
air, and therefore that the white clouds muft be 
nitrous ammoniac , formed by the acid of the nitrous 
air, fet loofe in the decompofition of it by common 
air, while the phlogifton, which muft be another 
conftituent part of nitrous air, entering the common 
air, is the caufe of the diminution it fuflers in this 
procefs j as it is the caufe of a fimilar diminution, 
in a variety of other procefles. 

In diverfifying this experiment, I found that it 
appeared to very great advantage when I fufpended 
a piece of volatile fait in the common air, previous 
to the admiflion of nitrous air to it, inclofing it in 
a bit of gauze, muflin, or a fmall net of wire. For, 
prefently after the rednefs of the mixture begins to 
go off, the white cloud, like fnow, begins to de- 
feend from the fait, as if a white powder was fhaken 
out of the bag that contains it. This white cloud 
prefently fills the whole veil'd, and the appearance 
will laft about five minutes. 

If the fait be not put to the mixture of thefe two 
kinds of air till it has perfectly recovered its tranfi. 

parency. 
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parency, the eflbrvefcence being completely over, 
no white cloud will be formed , and, what is rather 
more remarkable, there is nothing of this appear¬ 
ance when the fait is put into the nitrous air itfelf. 
The reafon of this muft be, that till common air 
be admitted to the nitrous, no acid is formed to 
unite with the alkali, and make the nitrous am- 
moniac. 


Having generally fattened the fmall bag which 
contained the volatile fait to a piece of brafs wire in 
the prece ing experiment, I commonly found the 
end of it corroded, and covered with a blue fub- 
ftance. Alfo the fait itfelf, and fometimes the bag 
was dyed blue. But finding that this was not the 
cafe when T ufed an iron wire in die fame circum- 
ftances, but that it became red, I was fatisfied that 
both the metals had been diffolved by the volatile 
alkali, or the acid. At firft I had a fufpicion that the 
blue might have come from the copper, out of which 
the nitrous air had been made. But when the ni 
trous air was made f rom iron , tf* appearances were, 
in all refpe&s the fame. 
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SECTION VIE 

Explanation of fomc Phenomena attending the Solution 
of Metals in nitrous Acid. 

A S the difcovery of fixed air in calcareous fub- 
ftances threw new light upon many pheno¬ 
mena in chemiftry, in like manner the difcovery of 
every other kind of air, and indeed of every proper¬ 
ty of any of them, mull throw light upon thole 
procefies in which they are concerned. Not being 
a profefifed chemift, and attending only to fuch ar¬ 
ticles in that branch of knowledge as my own pur- 
fuits are particularly connected with (though thefe 
necefifarily grow more various and extenfive conti¬ 
nually) fuch illuftrations of chemical procefies are 
not fo likely to occur to me, as they are to others, 
who by their profefiion give a general attention to 
every thing within the whole compafs of chemiftry. 
Such, however, as I have had occafion to attend to, 
and which I imagine I can dirow any light upon, I 
lhall not fail to mention. 
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There are many fa6ls relating to the folution of 
metals in fpirit of nitre, which could not have been 
underftood without the knowledge of nitroiis air 5 
and yet, though feveral of them are very remark¬ 
able, I do not find that even the phenomena them- 
felves, and much lefs the difficulties attending the 
folution of them, have been fo much as noticed. 
I am perfuaded, however, that an attention to the 
nature of this remarkable kind of air will contribute 
greatly to the inveftigation of the conftitution of 
the feveral metals, and the explanation of many 
phenomena attending their decompofition, and con- 
fequently their compofition. 

Having had frequent occafion to diffolve mer¬ 
cury in ftrong fpirit of nitre, in order to procure 
from it nitrous and dephlogifticated air, and to note 
the quantity of the metal revivified afterwards, I 
could not help being very particularly ftruck with 
fome phenomena in the folution, which are as fol¬ 
lows. 

The moment that ftrong fpirit of nitre is poured 
upon quickfilver, the folution is inftantly very rapid. 
But though it is known that one method of procur¬ 
ing nitrous air is by the folution of this metal in die 
nitrous acid, not a fingle bubble of any kind of air 
is feen to be formed ; at leaft none rifes through the 
acid. Prefently, however, one may perceive, th^t 
D d 2 very 
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very large bubbles of air are formed, but they i n - 
ftantly difappear, and nothing remains of them but 
the fmalleft fpecks imaginable, to rife to the top of 
the acid. By degrees, the acid near the mercury 
becomes of a deep orange colour, and then through 
this part of the acid the bubbles of air afcend freely; 
but the moment they come to the fuperincumbent 
pale coloured acid, they collapfe into thofe fmall 
and barely perceivable points, yielding no air that 
can be collected in any fenfible quantity. And it is 
not till the whole quantity of the acid is changed 
from a pale to an orange colour, that any nitrous 
air can be colle&ed. Then, however, the bubbles 
rife freely to the top of die acid, and, mixing with 
the incumbent common air, exhibit an orange co¬ 
lour by their decompofition on mixing with it. 
Then, alfo, a ftrong fmell of fpirit of nitre is per¬ 
ceived, as it always happens when nitrous air is let 
loofe to mix with the air of the room in which wc 
are breathing. Whereas, immediately before, no 
fmell was perceived, and the common air incum¬ 
bent on the mixture was quite colourlefs. 

Had thefe fingular phenomena been noticed by 
any chemift before the difcovery of nitrous air, I 
cannot imagine what hypothefis he would have 
formed for the explanation of them. Whatever it 
had been, it mull have been very wide of the truth; 
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whereas the whole procefs admits of the eafieft ex¬ 
planation imaginable by the help of my obfervations 
on the decomposition of nitrous air by the nitrous 

acid. 

Nitrous air is adlually formed the moment that 
the folution begins, but it is inftantly decompofed 
by the ftrong fpirit of nitre in contact with it. By 
the addition of the phlogifton contained in the ni¬ 
trous air, the pale fpirit of nitre afiiimes an orange 
colour, and it is then much lefs able to decompofe 
the nitrous air j which, therefore, rifes in bubbles 
through it, and is not decompofed till it comes to 
the region of the pale acid lying upon it. But 
when the whole body of the acid is faturated with 
phlogifton, then, and not before, the bubbles of ni¬ 
trous air pafs freely through it, and may be collected. 

On this account, it is not eafy to afcertain the 
exa< 5 t quantity of nitrous air yielded by the folution 
of mercury, and, for the fame reafon, of other me¬ 
tals too, in ftrong fpirit of nitre; becaufe allow¬ 
ance muft be made for the quantity that will be 
imbibed by the acid itlelf, which muft be laturated 
before any can be colle&ed ; whereas, when the acid 
is much diluted with water, it is not fo capable of 
decompofmg this air, and therefore, in general, it 
may be collected from the moment that die folution 
begins. 
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It is very remarkable, that when copper is dif- 
folved in pale fpirit of nitre, even diluted with much 
water, though the folution is evidently the moft ra¬ 
pid at the firft, the produce of air is very trifling for 
a confiderable time, and the quantity collected in- 
creafes very gradually j whereas when the orange co¬ 
loured acid is employed, in the fame diluted ftate, 
the nitrous air is collected immediately, and the 
produ&ion is the moft copious at the firft. 

When I difiblved a quantity of copper in ftrong 
fpirit of nitre half diluted with water, no air what¬ 
ever was produced, though the metal was complete¬ 
ly difiblved. 

* n the folution of mercury, I ufed the 
green fpirit of nitre, inftead of the pale coloured 

and ftrongeft acid, the phenomena were not ma¬ 
terially different from thofe deferibed above. The 
lower part of the acid next to the mercury afiumed 
a deeper green, but it never became orange co¬ 
loured. 
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section VIII. 

Mifcellaneous Properties of nitrous Air. 


1. Of the freezing of Water impregnated with nitrous 
Air. 

I H A V E obferved, that water difcharges all the 
fixed air it had imbibed the moment that it is 
converted into ice. The fame is the cafe with wa¬ 
ter impregnated with nitrous air, as appears by the 
following experiment, made with a view both to this 
circumftance, and alfo to the earthy precipitate depo- 
fited by water thus impregnated. 

Having impregnated a quantity of water with ni¬ 
trous air, I expofed it to the froft, and obferved that 
it did not freeze quite fo foon as a quantity of the 
fame water which had not been fo impregnated, ex¬ 
pofed in the fame manner. The ice of the impreg¬ 
nated water was full of very fmall bubbles, and 
when it was thawed did not turn the juice of turnfole 
red in the fmalleft degree. It alfo made aconfider- 
1 able 
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able precipitate of a very white matter, exadly like 
that which I procured from the water impregnated 
with nitrous air from bifmuth. This nitrous air, 
however, had been procured from copper. 

Having expofed to the froft a quantity of water 
wjiich had been a long time before impregnated 
with nitrous air, and which had fpontaneoully de- 
pofited a brownifh fediment, it now depofited more 
of the fame colour. 


2. Of the burning of a Mixture of nitrous and in - 
flammable Air . 


Inflammable air with a mixture of nitrous air 
burns with a green flame. This makes a very 
pleafmg experiment when it is properly conduct¬ 
ed. As, for fome time, I chiefly made ufe of 
copper for the generation of nitrous air, I firft afcribed 
this circumftance to that property of this metal, 
by which it burns with a green flame j but I was 
prefendy latisfied that it muft arife from the fpirit 
of nitre, for the effed is the very fame from which 
ever of the metals the nitrous air is extraded, all 
of which 1 tried for this purpofe, even filver and 
gold. When a candle is extinguilhed, as it never 
fails to be, in nitrous air, the flame feems to be a 
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little enlarged at its edges, by another bluilh flame 
added to it juft before its extinction. 


3. Of Plants and Animals in nitrous Air. 

Plants die very foon, both in nitrous air, and alfo 
in common air faturated with nitrous air, but elpe- 
dally in the former. 

This kind of air is as noxious as any whatever, a 
moufedyingthe moment it is put into it; butfrogsand 
fnails (and therefore, probably, other animals whole re- 
fpiration is not frequent) will bear being expofed to 
it a confiderable time, though they die at length. 
A frog put into nitrous air ftruggled much for two 
or three minutes, and moved now and then for a 
quarter of an hour, after which it was taken out, 
but'did not recover. 

There is fomething remarkable in the effect of 
nitrous air on infeSls that are put into it. JVafps' 
always died the moment they were put into the ni¬ 
trous air. I could never obferve that they made 
the leaft motion in it, nor could they be recovered 
to life afterwards. This was alfo the cafe in general 
with fpiders., flies , and butterflies. Sometimes, how¬ 
ever, fpiders would recover after being expofed 
about a minute to this kind of air. 
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Part II- 


4. Of the U/e of nitrous Air in Clyjlers. 

Confidering how fatal nitrous air is to infe& s ? 
and likewife its great antifeptic power, I conceived 
"that confiderable ufe might be made of it in m e - 
dicine, efpecially in the form of clyjlers , in which 
fixed air had been applied with fome fuccefs; arl ^ 
in order to try whether the bowels of an animal 
would bear the inje&ion of it, I contrived, w ith 
the help of Mr. Hey, to convey a quantity of it 
up the anus of a dog. But he gave manifeft hp nS 
ofuneafinefs as long as he retained it, which was 
a confiderable time, though in a few hours after¬ 
wards he was as lively as ever, and feemed to have 
fuffered nothing from the operation. 

Perhaps if nitrous air was diluted either with 
common air, or fixed air, the bowels might bear 
it better, and ftill it might be deftru&ive to worms 
of all kinds, and be of ufe to check, or corrett, p u " 
trefa&ion in- the inteftinal canal, or other parts of 
the fyftem. 1 repeat it once more, that, being n ° 
phyfician, I run no rifle by fuch propofals as thefe; 
and I cannot help flattering myfelf that, in time, 
very great medicinal ufe will be made of the a P~ 

plication of thefe different kinds of air to the animal 

fyftem. 
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fyftem. Let ingenious phyficians attend to this 
fubjeft, and endeavour to lay hold of the new han~ 
die which is now prefented them, before it be feized 
by rafh emperics; who, by an indifcriminate and 
injudicious application, often ruin the credit of 
things and proceflTes, which might otherwife make 
an ufeful addition to the materia and ars medica % 


END OF THE FIRST VOLUME. 
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